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(54) Liquid crystal display element with a transparent electrode substrate, and the transparent 
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(57) A liquid crystal display element having at least 
one electrode substrate comprising A) a metal oxide lay- 
er, B) a cured polymer layer contiguous to said metal 
oxide layer and obtained from cross-linking reaction 01: 
81) a silicon compound having epoxy and alkoxysilyl 
groups, a hydrolysis or condensation product thereof; 



B2) a silicon compound having amino and alkoxysilyl 
groups, a hydrolysis or condensation product thereof; 
and 83) a polyvinyl alcohol-based polymer; C) a trans- 
parent electroconductlve layer; and D) a transparent 
polymer substrate. A transparent electrode substrate 
comprising a substrate (D), a metal oxide layer (A) and 
said cured polymer layer (8) is also provided. 
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Description 

BACKGROUND OF THE INVENTION 

s 1 . Field of the Invention 

The present Invention relates to a liquid crystal display element having a transparent electrode substrate excellent 
In optical isotropy, smoothness, durability, chemical or solvent resistance, water moisture barrier properties, gas barrier 
properties, flexibility and so on. The present invention also relates to such a transparent electrode substrate, which is 
10 suitable not only for a liquid crystal display (LCD) element, but also for a touch panel, a photosensitive conductor, a 
planar phosphor, an organic electroluminescence element or the like. 

2. Description of the Related Art 

IS Recently, portable information apparatus such as a pager, a portable telephone, an electronic notebook and a 

portable information terminal have become popular and the business and the lite style are going to be dorastically 
changed. To improve the portability of the information apparatus, it is dennanded to make the information apparatus 
thinner, lighter and more durable. 

Conventionally, a glass substrate which Is heavy, thick and fragile has been used for a transparent electroconduc* 

20 live substrate of an LCD element or a touch panel. As an alternate material, a transparent resin substrate has been 
proposed, and the transparent resin substrate is advantageous in decreasing cost for manufacturing an LCD and the 
like since it can be processed in a roll-to-roll system. However, the transparent resin substrate is inferior to the glass 
substrate in durability, chemical or solvent resistance, gas barrier properties and other basic properties. 

For example, in the case of a transparent resin substrate used as an electrode for a LCD element, the gas barrier 

2S property can be Improved by providing a metal oxide layer to the transparent resin substrate. However, there are 
problems that in the step of removing a resist after patterning the transparent electrode, the metal oxide layer contacts 
an alkali solution by which the metal oxide layer is dissolved, and in the step of forming a liquid crystal alignment layer, 
a coating composition for the liquid crystal alignment layer containing N-methylpyrolidone or other solvent is used and 
the transparent resin substrate in contact with the solvent is damaged or, for example, becomes white or swollen. 

30 To solve the above problems, there are some proposals of laminating a layer having a gas barrier property and a 

chemical resistance onto the transparent resin substrate. For example, Japanese Examined Patent Publication 
(Kokoku) Nos. 5-52002 and 5-52003 propose a transparent substrate comprising a polymer film and an oxygen gas 
barrier layer made of polyvinyl alcohol which has an improved adhesivity and further a moisture barrier property. How- 
ever, the polyvinyl alcohol-based polymer layer disposed as the outermost layer does not have a sufficient chemical 

35 resistance and therefore causes problems during manufacturing a liquid crystal cell. The chemical resistance may be 
given by additionally providing a chemical resistant layer, which however increases the cost. 

Japanese Unexamined Patent Publication (Kokai) Nos. 2-137922 and 5-309794 propose a transparent substrate 
comprising a transparent polymer film, an anchor layer, a gas barrier layer made of ethylene-vinyl alcohol copolymer 
and a solvent-resistant layer in this order as a stack. In this transparent substrate, the solvent-resistance is satisfactory 

40 but the gas barrier property at a high humidity Is lowered due to the property of the material of the gas barrier layer, 
and the structure of the six layers increases manufacturing cost. 

Further, in a transparent substrate of a liquid crystal display element, the following demands on and problems of 
the properties exist in addition to the above chemical resistance and gas barrier properties. 

If the substrate is low in its transparency or has a birefrigence, the coloring of the display and lowering of contrast 

4S occur. 

It the surface smoothness of the substrate is low, the gap for a liquid crystal layer becomes nonuniform and the 
liquid crystal orientation may be disordered or the substrate may become optically nonuniform. As a result, the dis- 
playing color becomes nonuniform. 

Moreover, if the smoothness, transparency, and gas barrier properties of the substrate are deteriorated by me- 

so chanlcal or thermal influence or by contact with a solvent, the advantages of the lightness, the wide range of the freedom - 
of shape and the possibility of a curved display can not be obtained in applications to a pager, a portable telephone, 
an electronic notebook, a pen-input apparatus and soon since they receive substantial outer mechanical or thermal 
influences. In particular, considering the resistance to the mechanical influence, excellent adhesion between the layers 
is required to maintain the above advantageous properties. 

ss The object of the present invention is to provide a liquid crystal display element having a transparent resin substrate 

which is excellent In the chemical or solvent resistance, gas barrier properties, transparency, smoothness, adhesivity 
and so on as mentioned above and which has a small number of laminated layers and thus is low in manufacturing cost. 
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SUMMARY OF THE INVENTION 

The above and other objects and the features of the present invention are attained by providing: 

5 (I) A liquid crystal display element comprising two electrode substrates between which a liquid crystal layer Is 

disposed, at least one of said electrode substrates comprising the following components: 

A) a metal oxide layer, 

B) a cured polymer layer contiguous to said metal oxide layer, said cured polymer layer being obtained from 
10 a cross-linking reaction of: 

B1) a silicon compound having epoxy and alkoxysilyl groups, a full or partial hydrolysis product thereof, 
a full or partial condensation product thereof, or a mixture thereof: 

82) a silicon compound having amino and alkoxysilyl groups, a full or partial hydrolysis product thereof, 
75 a full or partial condensation product thereof, or a mixture thereof; and 

83) a polyvinyl alcohol-based polymer; 

C) a transparent electroconductive layer; and 

D) a transparent polymer substrate with a retardation of not more than 30 nm for a wavelength of 590 nm; 

20 

wherein said transparent electroconductive layer (C) is formed on the liquid crystal layer side of said trans- 
parent polymer substrate (D), and said combination of said metal oxide layer (A) end said cured polymer layer (8) 
is disposed between said transparent electroconductive layer (C) and said transparent polymer substrate D) or is 
disposed on a side opposite to the transparent electroconductive layer (C) of said transparent polymer substrate 
2S (D). 

(II) A liquid crystal display element comprising two electrode substrates between which a liquid crystal layer is 
disposed, at least one of said electrode substrates comprising the following components: 

A) a metal oxide layer, 
30 B) a cured polymer layer contiguous to said metal oxide layer, 

C) a transparent electroconductive layer, and 

D) a transparent polymer substrate with a retardation of not more than 30 nm for a wavelength of 590 nm. 
wherein said transparent electroconductive layer (C) is formed on the liquid crystal layer side of said trans- 
parent polymer substrate (D), and said combination of said metal oxide layer (A) and said cured polymer layer 

35 (B) is disposed between said transparent electroconductive layer (C) and said transparent polymer substrate 

(D) or is disposed on a side opposite to the transparent electroconductive layer (C) of said transparent polymer 
substrate (D), 

said cured polymer layer comprising a polyvinyl alcohol-based polymer cross-linked with a unit represented 
40 by the following formula (3): 

45 ' ' 

where 

p is an integer of 0 to 5, 
q is an integer of 0 to 5; 
so A stands for 



55 
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•1 I I *2 
— fOti-CH-CH-CH 



*1 




0 



where and are independently hydrogen, 
methyl, ethyl or phenyl, and 1 is 0 or 1 ; 
B stands for 



*3 I 

eNfCHj 



*4 



where r is an integer of 0 to 5, and s is an Integer of 0 to 2; and 
*2 and *3 are sites bonded each other. 

(III) A transparent electrode substrate connprislng the following components: 

A) a metal oxide layer, 

B) a cured polymer layer contiguous to said metal oxide layer, said cured polymer layer being obtained from 

cross-linking reaction of: 

B1) a silicon compound having epoxy and alkoxysilyl groups, a full or partial hydrolysis product thereof, 
a full or partial condensation product thereof, or a mixture thereof; 

B2) a silicon compound having amino and alkoxysilyl groups, a full or partial hydrolysis product thereof, 
a full or partial condensation product thereof, or a mixture thereof; and 
B3) a polyvinyl alcohol-based polymer; 3nd 

C) a transparent electroconductive layer and 

D) a transparent polymer substrate with a retardation of not more than 30 nm for a wavelength of 590 nm; 

wherein said combination of said metal oxide layer (A) and said cured polymer layer (B) is disposed between 
said transparent electroconductive layer (C) and said transparent polymer substrate (D) or is disposed on a side 
opposite to the transparent electroconductive layer (C) of said transparent polymer substrate (D). 

(IV) A transparent electrode substrate comprising the following components: 

A) a metal oxide layer, 

B) a cured polymer layer contiguous to said metal oxide layer, 

C) a transparent electroconductive layer, and 

D) a transparent polymer substrate with a retardation of not more than 30 nm for a wavelength of 590 nm, 
wherein said combination of said metal oxide layer (A) and said cured polymer layer (B) is disposed between 
said transparent electroconductive layer (C) and said transparent polymer substrate (D) or is disposed on a 
side opposite to the transparent electroconductive layer (C) of said transparent polymer substrate (D). 

said cured polymer layer comprising a polyvinyl alcohol-based polymer cross-linked with a unit represented 
by the following formula (3): 



-0-Si-(CpH2p)-*"'A*^-*^B*''-(C^H2q)-SIO- 



(3) 



where 



p is an integer of 0 to 5, 
q is an integer of 0 to 5; 
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IS 



30 



A stands for 



♦1 I I *2 

— fO-h-CH-CH-CH — , 

i 

O 
I 

where and R8 are independently hydrogen, methyl, ethyl or phenyl, and 1 is 0 or 1; 
B stands for 




'3 I I M 

where r is an integer of 0 to 5, and s is an integer of 0 to 2; and 
20 *2 and *3 are sites bonded each other. 

(V) An article connprising: 

D) a substrate; and . 
2S B) a cured polymer layer formed on a surface of said substrate, said cured polymer layer being obtained from 

cross-linking reaction of; 

B1) a silicon compound having epoxy and alkoxysilyl groups, a full or partial hydrolysis product thereof, 
a full or partial condensation product thereof or a mixture thereof; 

82) a silicon compound having amino and alkoxysilyl groups, a full or partial hydrolysis product thereof, 
a full or partial condensation product thereof or a mixture thereof; and 

83) a polyvinyl alcohol-based polymer. 



(VI) A process for producing a coated article, comprising the steps of: 
a) preparing a coating composition which comprises; 



81 ) a silicon compound having epoxy and alkoxysilyl groups, a full or partial hydrolysis product thereof, 
a full or partial condensation product thereof or a mixture thereof; 
40 82) a silicon compound having amino and alkoxysilyl groups, a full or partial hydrolysis product thereof, 

a full or partial condensation product thereof or a mixture thereof; 

83) a polyvinyl alcohol-based polymer; 

84) a carboxylic acid; 

B5) an organic solvent; and 
45 86) water; 

b) coating a substrate with said coating composition; and 

c) curing said coating composition by cross-linking reaction between said compounds (81) to (B3) to form a 
cured polymer layer on said substrate. 



so 



(VII) A coating composition which comprises: 

81) a silicon compound having epoxy and alkoxysilyl groups, a full or partial hydrolysis product thereof, a full 
or partial condensation product thereof or a mixture thereof; 
55 82) a silicon compound having amino and alkoxysilyl groups, a full or partial hydrolysis product thereof, a full 

or partial condensation product thereof or a mixture thereof; 

83) a polyvinyl alcohol-based polymer; 

84) a carboxylic acid; 
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B5) an organic solvent; and 

B6) water. 

BRIEF DESCRIPTIONS OF DRAWINGS 

Fig. 1 Is a cross-sectional view of an example of a liquid crystal display element; 

Fig. 2 shows a cross-sectional view of a commercially available transparent polymer electrode substrate; 
Fig. 3 schematically shows the reaction ot a hybrid of a polyvinyl alcohol-based polymer with an alkoxysilane; 
Figs. 4A and 4B show the oxygen permeation property of gas barrier layers- 
Fig. 5 is a cross-sectional view of a lamination of a gas barrier layer of a hybrid and SiO^ layers with a polycarbonate 

film; 

Figs. 6A to 6C show the combined effect of the hybrid and SiO^ layers; 
Fig. 7 shows the alkali resistance of hybrid layers; 

Fig. 8 schennatlcally shows the reactions between the compounds (B1 ) to (B3); 

Fig. 9 shows a cross section of an ideal transparent polymer substrate in accordance with the present invention; 
Figs. lOAto 10D and 11 A to 11 F show various arrangements of the components (A) to (D) of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Liquid Cn/stal Display Element 

The liquid crystal display element is a display element in which a liquid crystal material is sealed between two 
substrates having an electrode pattern and an voltages are applied between the electrodes so as to electro-optically 
modulate the liquid crystal material and make a display such as of letters and images. The substrate of the liquid crystal 
display element is conventionally an Inorganic glass but a liquid crystal display element using a plastic substrate is 
attracting attention from the viewpoints of making the element thinner and lighter, allowing a curved display, providing 
strength, and reducing production cost. 

Fig. 1 is an illustration of an example of a liquid crystal display element, in which an upper substrate 11 and a lower 
substrate 13 are disposed to face each other, the peripheries of the substrates 11 and 13 are sealed with a sealing 
material 15, a gapping material 21 is dispersed between the substrates 11 and 13. and a liquid crystal cell 17 is thus 
formed, in which a liquid crystal material 19 is filled. Polarizing plates are provided sandwiching the cell 17 to form a 
TN-type liquid crystal display element, although the present invention is not limited to this type of the liquid crystal 
display element. 

Each of the upper and lower substrates 11 and 13 has, on the inner side, a transparent electroconductive layer 
22 and an aligning layer thereon. 

Fig. 2 shows a cross-section of a transparent polymer electrode substrate which is commercially available. The 
transparent polymer electrode substrate comprises a polycarbonate film 1, anchor layers 2, gas barrier layers of an 
ethylene-vinyl alcohol copolymer 3, solvent-resistant layers 4 and a transparent electroconductive layer of IT04. The 
polycarbonate film 1 is about 100 ^tm thick and the other layers 2 to 4 are a few |jm thick. 

The liquid ciystal display element of the present invention comprises two electrode substrates, at least one of 
which comprises a metal oxide layer (A), a cured polymer layer (B), a transparent electroconductive layer (C) and a 
transparent polymer substrate (D). 

Transparent Polymer Substrate (D) 

The transparent polymer substrate (D) used in the present invention is not particularly limited as long as it has an 
optical isotropy or a retardation of not more than 30 nm for a wavelength of 590 nm. The retardation is represented by 
a product An-d where An stands for a difference between the refractions of a birefrigence for a wavelength of 590 nm 
which can be measured by a conventional device and d stands for a thickness of the substrate. If the retardation is 
more than 30 nm, coloring and viewangle problems appear Preferably the retardation is not more than 20 nm. The 
dispersion of the retardation phase axis Is preferably within ±30**, more preferably within ±15**. 

The materials which can satisfy the above requirements include polyester-based resins, polycarbonate-based 
resins, polyarylate-based resins, polysulfone-based resins such as polysulfone, polyethersulfone and polyallylsulfone, 
polyolefin-based resins, acetate-based resins such as cellulose triacetate, polystylene-based resins, acrylic resins, 
and various thermosetting resins. Among them, a transparent polymer substrate comprising a polycarbonate-based 
resin as a main component is most preferred from the viewpoints of a high optical transparency and a low optical 
an isotropy. 

The thickness of the transparent polymer substrate is usually between 30 ^m and 800 ^m. 
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Metal Oxide Layer (A) 

The metal oxide layer (A) used in the present invention nnay be of an insulating metal oxide such as oxides of 
silicon aluminum, magnesium and zinc. The transparent insulating metal oxide layer may be deposited by known 
5 spattering, evaporation, ion plating, plasma enhanced CVD, and soon. Silicon oxide is particularly preferred as a irietal 
oxide for a water moisture barrier layer from the viewpoints of transparency, surface smoothness or evenness, flexibility. 

layer stress, cost, etc. , 

The composition of silicon oxide may be analyzed and determined by X-ray photoelectron spectroscopic analyzer. 
X-ray microspectroscopic analyzer. Auger electron analyzer, Rutherford back scattering, etc. Silicon oxide having an 
10 average composition represented by SiO, where 1 .5 g x g 2 is preferred for its visible light permeation and flexibility 
If the value of x is less than 1 5, the flexibility and the transparency are lowered. The silicon oxide having an average 
composition represented by SiO, where 1.5 S x S 2 may further comprises other metals such as magnesium, iron, 
nickel chromium, titanium, aluminum, indium, zinc. tin. antimony, tungsten, molybdenum, copper. The silicon oxide 
further may contain fluoride or carbon to increase flexibility The amount of such additives is not more than 30 /o by 

IS weight.^ thickness of the metal oxide layer is preferably between 2 nm and 200 nm. If the thickness of the layer is less 
than 2 nm it Is difficult to form a uniform layer and the layer formed may have pores from where gas permeates the 
substrate, 'reducing the gas barrier properties. It the thickness is more than 200 nm, the transparency of the layer is 
lowered and the flexibility becomes poor causing cracks, thus reducing the gas barrier properties. 

20 

Cured Polymer Laver (B) 

The cured polymer layers (B) used in the present inventfon is formed by cross-linking reaction of the components: 

81) a silicon compound having epoxy and alkoxysilyl groups, a full or partial hydrolysis product thereof, a full or 
partial condensation product thereof, or a mixture thereof; 

B2) a silicon compound having amino and alkoxysilyl groups, a full or partial hydrolysis product thereof, a full or 
partial condensation product thereof, or a mixture thereof; and 
83) a polyvinyl alcohol-based polymer 

The cured polymer layer B) is formed in contiguous to or in contact with the metal oxide layer. 
The component compounds (B1) to (83) are described below: 

Polwinvl Alcohol-Based Polymer (83) 

The polyvinyl alcohol-based polymer (83) of the present invention may be a known one and is commercially avail- 
able. The polyvinyl alcohol-based polymer B3) preferably comprises not less than 50% by mole of a polyvinyl alcohol 
component and/or a polyvinyl alcohol-copolymer component. , . ■ i 

Examples of polyvinyl alcohol-copolymers include vinyl alcohol-vinyl acetate copolymer, vinyl alcohol-vinyl butylal 
40 coijolymer, ethylene-vinyl alcohol copolymer, and vinyl alcohol-based alcohol having silyl groups in its molecule. 

Generally a polyvinyl alcohol-based polymer selected from polyvinyl alcohol having a degree of saponification of 
not less than 80%, ethylene-vinyl alcohol copolymer and polyvinyl alcohol-based polymer having silyl groups in its 
molecule is preferred. 

The ethylene content in the ethylene-vinyl alcohol copolymer is preferably not more than 50 A. If the ethylene 
45 content is more than 50%. a deared gas barrier property of the cured polymer layer can not be obtained. 

The polyvinyl alcohol-based polymer having silyl groups in its molecule is one having a reactive silyl group repre- 
sented by the following formula (4); 



2S 



30 



35 



SO 



(R"0),-Si- 



(4) 



55 



Where R" stands for hydrogen, alkyi having 1 to 10 carbon atoms, acyl, an alkali metal or an alkali earth metal, R 
stands for alkyI having 1 to 10 carbon atoms, and r is an integer of 1 to 3. 

The silyl group in the molecule may be a terminal group of the polyvinyl alcohol-based polymer. The sHe. distnbu- 
tion. etc. of the silyl group in the molecule are not limited as long as the silyl group is bonded to the polyvinyl alcohol- 
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based polymer through a non-hydrolyzable bond. The content of silyl is preferably not more than 5% by nnole. more 
preferably not more than 1% by molar. If the silyl content is too high, the coating composition becomes disadvanta- 
geously viscous and tends to be geled. 

The polymerization degree and saponification degree of the polyvinyl alcohol-based polymer of the present inven- 
tion are not particularly limited but the average polymerization degree is preferably between 100 and 5000 and the 
saponification degree is preferably not less than 70%, more preferably not less than 80%. If the polymerization degree 
is too low, the coated layer is brittle. If polymerization degree is too high, the coating solution becomes too viscous and 
coating is difficult. If the saponiflcatbn degree is too low, a sufficient gas barrier property is not obtained. 

Silicon Compound Having Epoxy And Alkoxvsilyl Groups (B1) 

The compound (B1) of the present invention is a silicon compound having epoxy and alkoxysilyl groups, a full or 
partial hydrolysis product thereof, afull or partial condensation product thereof, or a mixture thereof. Apreferable silicon 
compound having epoxy and alkoxysilyl groups is represented by the following formula (1 ): 

where 

R"" is alkylene having 1 to 4 carbon atoms, 

R2 and R3 are independently alkyi having 1 to 4 carbon atoms, 

X is glycidoxy or epoxycyclohexyl, and 

n Is O or 1 . 

Examples of the above silicon compound having epoxy and alkoxysilyl groups (B1) include 

glycidoxymethyltrimethoxysilane, 

glycidoxymethyltriethoxysilane, 

glycidoxymethyltripropoxysilane, 

glycidoxymethyltributoxysilane, 

2-glycldoxyethyltrimethoxysllane, 

2-glycldoxyethyltriethoxysilane, 

2-glycldoxyethyftripropoxysilane, 

2- glycidoxymethyltributoxysrlane, 
1 -glycidoxyethyltrimethoxysiiane, 
1 -glycldoxyethyltriethoxysilane, 
1-glycldoxyethyltripropoxysilane. 
1 -glycidoxymethyltributoxysilane, 

3- glycidoxypropyltrimethoxysilane, 
3-glycidoxypropyltriethoxysilane, 
3-glycldoxypropyltripropoxysllane, 
3-glycldoxypropyltrlbutoxysilane, 

1 -g lycldoxy p ropy It r imethoxys ilan e, 
l-glycidoxypropyllriethoxysilane, 
1 -glycidoxypropyltripropoxysilane, 

1-glycldoxypropyltributoxysilane, (3,4-epoxycyclohexyl)methyltrimethoxysilane, 3,4-epoxycyclohexyl)methyltrl- 
ethoxysilane, (3,4-epoxycyclohexyl)methyltripropoxysilane, (3,4-epoxycyclohexyl)methyltributoxysilane, 2- 
(3,4-epoxycyclohexyl)ethyltrimethoxysilane, 2-{3,4-epoxycyclohexyl)ethyltriethoxysilane, 2-(3,4-epoxycy- 
clohexyl)ethyltripropoxysilane, 2-(3,4-epoxycyclohexyl)ethyltributoxysilane, 3-(3,4-epoxycyclohexyl)propyltri- 
methoxysilane, 3-{3.4-epoxycyclohexyl)propyltriethoxysilane, 3-(3.4-epoxycyclohexyl)propyltripropoxysilane, 3- 
(3,4-epoxycyclohexyl)propyltrlbutoxysllane. 4-(3,4-epoxycyclohexyl)butyltrlmethoxysilane, 4-(3,4-epoxycy- 
clohexyl)butyltriethoxysilane, 4-(3,4-epoxycyclohexyl)butyltripropoxysilane, 4-(3,4-epoxycyclohexyl)butyltrlbutox- 
ysilane, diethoxy-3'glycidoxypropylmethylsilane, etc. 
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Particularly preferred silicon compounds having an epoxy and alkoxysilyl groups (B1) are S-glycidoxypropyltri- 
methoxysilane and 2-(3.4-epoxycyclohexyl)ethyltrimethoxysilane. 

The above silicon compounds may be used alone or in combination. 

Silicon Compound Having Amino And Alkoxvsilvl G roups (B2) 

The compound (B2) of the present invention is a silicon compound having amino and alkoxysilyl groups, a full or 
partial hydrolysis product thereof, a full or partial condensation product thereof, or a mixture thereof. A preferable silicon 
compound having amino and alkoxysilyl groups is represented by the following formula (2): 

I ! (2) 

HN-R*-Si(0R*)3., 



where 



R'* is alkylene having 1 to 4 carbon atoms, 

r5 and are independently alkyi having 1 to 4 carbon atoms, 

Y is hydrogen or aminoalkyi, and 

m is 0 or 1 . 

Examples of the silicon compounds having amino and alkoxysilyl groups (B2) include aminomethyltriethoxysilane, 

2- aminoethyltrimethoxysilane. 2-aminoethyltriethoxysilane, 2-aminoethyltripropoxysilane. 2-aminoethyltributoxysi- 
lane 1 -aminoethyltrimethoxysilane, 1 -aminoethyltriethoxysilane. 3-aminopropyltrimethoxysilane, 3-aminopropyltri- 
ethoxysilane, 3-aminopropyltripropoxysilane, 3-aminopropyttributoxysilane, 2-aminopropyltrimethoxysilane. 2-arn.no- 
propyllriethoxysilane, 2-aminopropyltripropoxysilane. 2-aminopropyltributoxysllane, 1 -aminopropyltrimethoxysi ane. 
1 -aminopropyltriethoxysilane. 1 -aminopropyltripropoxysilane, 1 -aminopropyltributoxysilane. N-aminomethy ami- 
nomethyltriethoxysilane. N-aminomethylaminomethyltripropoxysilane, N-aminomethyl-2-aminoethylfnmethoxysilane. 
N-aminomethyl-2-aminoethyltriethoxysilane. N-aminomethyl-2-aminoethyltripropoxysilane, N-aminomethyl-3-amino- 
propyltrimethoxysilane, N-aminomethyl-3-aminopropyltriethoxysilane. N-aminomethyl-3-aminopropyltnpropoxysilane. 
N-aminomethyl-2-aminopropyltrimethoxysilane, N-aminomethyl-2-aminopropyltriethoxysllane, N-aminomethyl-2-ami- 
nopropyltripropoxysilane, N-amlnopropyltrimethoxysilane, N-aminopropyltriethoxysilane, N-(2-aminoethyl)-2-ami- 
noethyltrimethoxysilane. N-(2-aminoethyl)-2-aminoethyltrielhoxysi1ane, N-(2-aminoethyl)-2-aminoethyltripropoxysi- 
lane N-(2-aminoethyl)-1 -aminoethyltrimethoxysilane, N-(2-aminoethyl)-1 -aminoethyltriethoxysilane, N-(2-aminoe- 
thyl)-1-aminoethyltripropoxysilane, N-(2-aminoethyl)-3-amlnopropyltriethoxysilane. N-(2-aminoethyl)-3-aminopropy - 
tripropoxysilane, N-(3-aminopropyl)-2-aminoethyltrimethoxysilane. N-(3-aminopropyl)-2-aminoethyltriethoxysilane. N- 
(3-aminopropyl)-2-aminoethyltripropoxysilane, N-methyl-3-aminopropyltrimethoxysilane. 3-aminopropylmethyld- 
imethoxysilane 3-aminopropylmethyldiethoxysilane, N-(2-aminoethyl)-3-aminopropylmethyldimethoxysilane. 

3- diethylenetriaminopropyltriethoxysilane. 3-I2-(2-aminoethylaminoethylamino)propyl]trimethoxy5ilane. trimethoxysi- 

lylpropyldiethylenetriamine. etc. . ...... 

ParticularV preferred silicon compounds having amino and alkoxysilyl groups (B2) are 3-aminopropyltrimethox- 
ysilane 3-aminopropyltriethoxysilane, 3-aminopropylmethyldiethoxysilane. N-methyl-3-aminopropyltnmethoxysilane. 
N-(2-aminoethyl)-3-aminopropyltrimethoxysilane, and N-(2-aminoethyl)-3-aminopropylmethyldimethoxysilane. 

These silicon compounds having amino and alkoxysilyl groups may be used alone or in combination. 

Hydrolysis and Condensation Products of Compounds (Bl) and (82) 

The full or partial hydrolysis product, or the full or partial condensation product of the above silicon compound are 
obtained through so-called sol-gel reaction of the silicon compound. The condensation product of the silicon compound 
may Include not only a condensation product between the silicon compound but also a condensation product between 
an unreacted silicon compound and a full or partial hydrolysis product of the silicon compound. 

The compounds (81) and (82) used as the starting material may be a silicon compound itself, or a hydrolysis 
product or condensatton product of a silicon compound which has been previously prepared. 

The hydrolysis of the silicon compound may be carried out using, for example, an inorganic acid such as hydro- 
chloric acid an organic acid such as acetic acid, or an alkali such as sodium hydroxide, or only water The hydrolysis 
may be carried out after mixing a silicon compound and a solvent in order to make the hydrolysis uniform. Heating or 
cooling may be effected during the hydrolysis if necessary. Alternately, a solvent such as alcohol may be removed after 
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the hydrolysis by heating and/or evacuation or an appropriate solvent may be further added. 
Cross Linking Reaction 

By reacting the above compounds (B1 ) to (B3) in accordance with the present invention, the cured polymer layer 
can have a connbination of excellent chemical or solvent resistance, gas barrier properties and adhesivity in addition 
to optical isotropy, surface smoothness, durability, water moisture barrier properties, a flexibility and so on. 

In this reaction, it is believed that by using a combination of the silicon compound having epoxy and alkoxysilyl 
groups (81) and the silicon compound having amino and alkoxysilyl groups (82), not only 

(1) the reaction between the silanol groups of the alkoxysilyl groups, but also 

(2) the reaction between the epoxy and amino groups, and 

(3) the reaction between the silanol group of the alkoxysilyl group and the hydroxy group of the polyvinyl alcohol- 
based polymer, 

occur as the main reactions. Thus, there is formed a cured product from a reaction between the two types of the silicon 
compounds and a cross-linked product of the polyvinyl alcohol-based polymer and, as a result, the reaction product 
exhibits excellent chemical or solvent resistance and the other properties. 

20 Cross Linked Polymer 

As a result of the above reaction, it Is considered that the reaction product of the present invention includes the 
chemical bond represented by the following formula (3): 
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-K)-si-( c^j J ---A*'- 'b* -{ C,H2,)-Si-0- ( 3 ) 



Where 

p is an Integer of 0 to 5, 
q is an integer of 0 to 5; 
35 A stands for 



*1 I I *2 

—tO^H-CH-CH — 
I 

O 

I 

Where R'' and are independently hydrogen, methyl, ethyl or phenyl, and I is 0 or 1 ; 
B stands for 




so 



55 



where r is an integer of 0 to 5, and s is an integer of 0 to 2; and 
*2 and *3 are sites bonded to each other. 



The structure of the main cross-linkages of the present invention may be the structure comprised only of the above 
formula (3). or mey further comprise the structures as represented by the following formulae (5) and (6). and the like: 



10 



EP 0 798 590 A2 



10 



IS 



25 



40 



-O-S i- ( -C-Hi,- ) 'a'^- ^3**-( -C^Hz,- ) -S i-O-S i- 

I ■ i I 



-0_Si-(-C,H:,-). - V'-*'B"*-{-C,H2,-)-Si-0-Si- 
i i I 

(-C,H:,-)-'B'"-V-(-C,Hip-)-Si-0-Si- 

20 j 



where the abrebiations are as defined in the formula (3). 

Composition of Component (B) 

The ratios between the compounds (B1) to (B3) used preferably satisfy the following formulae: 

30 1/9 ^ (B3)/[(Bi) + (Bg)] ^ 9/1 . by weight, and 

1/9 ^ (bi)/(b2) ^ 9/1. by mole, 

where to B3 stand tor the amounts in weight of the compounds (B1) to (B3). respectively; b^ stands for the amount 
of the compound B1) based on the mole of the epoxy group thereof; and bg stands lor the amount of the compound 
35 32) based on the total mole of the amino and imino groups thereol. More specifically, B^ and Bg are calculated based 
on the weights of the following compounds (V) and (2'). respectively: 



X-R*— SiO(j-a)/2 



45 Y k\ 

I . I (2') 
HN~R -5iC(3.„/2 

so For example, when 100 parts by weight of compound (B1 ) represented by the formula (1 ) is used, represents the 

weight of the compound having the structure as represented by the formula (V) which is a full condensation product 

and, therefore, Bi is 90 parts by weight. 

If the ratio (B3)/[(Bt) + (Bg)] is over 9/1, the water resistance and chemical resistance tend to be lowered. If the 

ratio (B3)/[(Bt) + (Bg)] is less than 1/9, the gas barrier properly decreases. The preferable range of the ratio (B3)/[(Bt) 
ss + (Bg)] is 2/8 to 8/2, more preferably 1 /3 to 3/1 . When a transparent electroconductive layer (0 ) is laminated on a cured 

polymer layer (B), 1/9 < (B3)/[(Bi) + (Bg)] < 4/1 is preferable for adhesion between the layers. When a silyl-containing 

polyvinyl alcohol is used, a preferable ratio (B3)/[(Bi) + (Bg)] is 2/1 to 1/9. 
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Properties of Component (B) and Combined Effects of Components (A) and (B) 



The cured polymer layer (B) obtained by the above cross-linking reaction has excellent chemical or solvent resist- 
ance, gas barrier properties and adhesivity as well as other properties required for a transparent electrode substrate. 

As described before, a polyvinyl alcohol-based polymer may have a gas barrier property but is deteriorated with 
water or at a high humidity atmosphere and has a poor adhesivity to a polycarbonate or other polymer substrate and 
a metal oxide layer. Some of these defects may be improved by adding a chemical resistant layer and an anchor layer, 
but they add manufacturing costs and the gas barrier property is still not sufficiently high. 

The data shown in the following table are the properties of transparent polymer substrates, one of which is the 
commercially available one based on an ethylene-vinyl alcohol copolymer-based polymer ("prior art"), one of which is 
desired or aimed at the present ("target"), and one of which is obtained by the present invention ("invention"). The 
properties indicated are measured by the methods as described later in the section of Examples. 



TABLE 



Properties 


Prior Art 


Target 


Invention 


Gas barrier: 








O2 (50%RH) 


0.5 


<0.2 


<0.01 


O2 (90%RH) 


10.5 


<10 


<0.05 


Chemical resistance: 








NMP 


2min 


> 3m in 


> 5min 


Alkali 


no change 


no change 


no change 


Acid 


no change 


no change 


no change 


Adhesivity to: 








SiOx 


0/100 


100/100 


100/100 


Polycarbonate 


100/100 


100/100 


100/100 



It is possible that the transparent electrode substrate has the following excellent chemical resistant properties: 

30 

\) a change of haze value of not more than 1% when N-methylpyrorydone is put In contact with the cured polymer 
layer side of the transparent electrode substrate at 25**C for 10 minutes followed by cleaning with water; 
il) no deterioration when 3.5%-NaOH aqueous solution Is put in contact with the cured polymer layer side of said 
transparent electrode substrate at 25**C for 10 minutes followed by cleaning with water; and 
3S iii) no deterioration when 5.0%-HCI aqueous solution is put in contact with the cured polymer layer side of said 

transparent electrode substrate at 25*C for 10 minutes followed by cleaning with water. 

Furthermore, the cured polymer layer (B) can adhere to both a transparent polymer substrate, particularly poly- 
carbonate, and a metal oxide layer, partlcularty silicon oxide. 
40 As seen in the above table, all of the gas barrier properties (in cm^/m^/atm/day), the solvent resistances and the 

adhesivity are improved in the present invention. 

It is to be noted that these Improved properties of the present invention are basically obtained by the component 
(B) alone, although the properties of the commercially available one are obtained by the combination of the polyvinyl 
alcohol-based polymer with the chemical resistant layer and an anchor layer (six layers 2 to 4 are added as shown in 
45 Fig. 2). The gas barrier property as mentioned above of the present invention is one obtained by the combination of 
the component (B) and a metal oxide layer (A), but addition of only three layers as shown in Fig. 9 in accordance with 
the present invention allows to obtain properties superior to the properties of the prior art. 

As shown in Fig. 3, a polyvinyl alcohol-based polymer has flexibility and gas barrier properties. By cross-linking a 
polyvinyl alcohol-based polymer with an alkoxysilane to form a hybrid polymer, the chemical resistance and abrasion 
so resistance are provided to the hybrid polymer because of the cross-linked polymer has a microscopically uniformly 
linked structure. 

Further, by selecting the specific silicon compound (a silane coupler-type compound) as the cross linking agent, 
the improvements are increased as described above. 

55 Gas Barrier Property: 

Referring to Fig. 4A, the oxygen permeations of gas barrier layers formed on a polycarbonate film (PC) are shown. 
The line Indicated as "prior art" is of an ethylene-vinyl alcohol copolymer. The line indicated as "H/PC" is of the hybrid 
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SO 



permein as « b, th, b,ok.n '^^^'^^^l^'^'^,, is as .ho«n b, th, solid lin. as indicalsd 
Uaen permealion ol the laminaw ol « on. and is co,.slantV low ev.n at a h,gh 

combination of the hybrid layer and the S.O, layer also ^J^;XM Ze°^n6 the SiO, layer as shown in Fig. 5. in 
This synergistic effect is obtained by the ^ "^^^^^^^^^^^^^^ thick' and 43 denotes a hybrid 

which 41 denotes a polycarbonate film 1 00 th.ck 42 f aslollows. Thai is. as shown in Fig. 

,ayer 2 ,m thick. One of t^e pin holes. Since the hybrid layer rtself 

6A. the SiO, layer has p.n ^oles and the temma^ oH^^^^^ 



Adhesivity: 



55 



Mane&iviiy. 

« ds«*sd « ^e, .as a. ^ 

Chemical or Solvent Resistance: 

A hybrid layer has improved oy^^^l^^or ^^;;^ ^J'^S a^c^'or:^^^^^^^^^ alkoxysilane such as tetram- 
However. the hybrid layer, for example a f yj"° ^^"^^^^ resistances to alkali as shown in Fig. 7. 
ethoxysilane (TMOS). does not have --'^"'^^^^reLst^^^^^^^ hybrid layer is attained by selecting specific 

no,ld «, allho* bo* .h, o, L sllioon con,pouod (B2) 

»Hh tha hydroxy 9'oup ol th. '^'^J'^'^ZSbI). ati M w«h Ih. other lurrotical grt^ps ol th. com- 
...cts ortly with tha epoxrd. group ol th. „atu,eo(lh.lurctional groups ofth.corhpounds 

fBCS'rol«rX";"arXr = ,n th. axoalleh, al« r...t^^^ 

-rr::r^r«^3r:rSi^;T^^^^ 
ssrah';.:x:;or=^p=%rd°^^^^~ 

Feature^ r.nmblnation of nr^mpounris (B1) to (B3) 

Thus the above improvements are ^f^.^^^^^^^l^^^^^^ coup.er- 
More specifically, cross linkage of a polyv.nyl J^^/^^ Pfj^^^^^^ resistances, and the adhesivity, but they 
type compound, may increase a gas barner P'-P^^^;^^^^ te.,ion a specific combinatton of the two silicon com- 
are not sufficient. However, in with a polyvinyl alcohol-based polymer (B3). 

^wthlS^^^^^^^^^^^ 

-"\tr:;~-«^^^^^ 
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«rnZTr ^'^'P' "^^^ '"^"^ ^ ""^"^ ^°"P'^^- 3 si'i^on compound having amino and 

a koxysij.! groups ,n pract.ee has not been used as such a silane coupler, particularly for cross-linrg a polXl 

m^n„ h t ^ ''■"''^ " ^" crosslked polymer. AlthouJ here arl also 

rZl Jf "'"P'^^"- ''^^^ '^^^ comblnaUon of a silicoZmpoL hav ng 

epoxy and alkoxysilyl groups (B1 ) and a Silicon (x^mpound having amino and alkoxysilyl groups 
agents used wrth a polyvinyl alcohol-based polymer can provide superior soh,ent resisLt and c^tSr Zertl^^^^^^ 

acombmat,onofapolyv.nylalcohol-basedpovmerwith any silanecoupleroreven With othertwoo^^^^^ 

It IS therefore considered that the reaction between the compounds (B1) to (B3) is essentiairdiff! It from^^^^^ 

ZTn.Tr " "r*"'' f ^^^'-'--^ P°'y-- (B3) with anrsilaneUuXfncl^dirg (B^n (BSTelen ^ h 
two or more silane coupler as long as the combination is not (Bl ) and (B2) a i ; or (d^, or even wim 

« cTv '^^^^''^^ ''^J^^f " <he compounds (Bl ) to (83) is as described below and the cross-linking bond or structure 
IS as expressed by the formula (3) and the like. The resultant cross linked structure of the polymer is noveT 
Moreover, use of theabove specific combinatton Of thesilkXDn compounds and thepolyviny^ 

r^r™ ' w kT'^ ""^^ ""^ ^'^^^^^ iovention, not only are the properties of the transparent electrode substrate im 



Other Ing redients in Component ( R) 
Carboxylic Acid: 



If the ratio (b, )/(b2) is between 1/9 and 9/1 . more preferably 1/4 to 4/1 , further preferably 1/6 to 6/1 the adhesivitv 

ine atx>ve properties of the cured polymer layer are lowered k"""". 
r«t«f«,? ':°";P^"".'^ (B2). i.e.. the silicon compound having amino and hydroxysilyl groups is a condensation 
catalyst for the hydrolys« of the compound (Bl ), i.e.. the silicon compound having epoxy and hydJo^^silZouos and 
orXThf " «,P°'y-erization catalyst for the epoxy group, addrtion of'the componeS ^2? o a ^^^^^^^^^ 
r,^S H f '^^T"^"* immediate reaction and gelation of the coating coniposltion To prJlent Ss it 

s preferred to add a carboxylic acid to the component (B2) so as to fomi a weak acid saJ of Tn oroanTc ^dd JnS 

:x:rdrt:K2i:^^^^^^ 

mnJ«f,rtTl °^ 'f® '^^'f'^'ic ackJ is generally in a range of 0.01 to 10 moles, preferably 0 1 to 5 0 moles per each 

^omni k""? T'^' °* 9^°"P^ ' than 0 01 mole StTp^i me of me 

composit on is short and gelation may occur. If the amount is more than 10 moles, the curing of Te SmSi^ton m«! 
become insufficient and the properties of the cured polymer layer are lowered ^ composrtion may 



Solvent; 



Hirr, JJ, I H ^ can dissolve the polyvinyl alcohol-based polymer, for example water 

dirnethylimidazol etc. The content of a polyvinyl alcohol-based polymer-dissolving solvent is preferabrnT 

il^nlf 1 """"^ ^" ethylene-vinyl alcohol copolymer is used. water^Ciol C be useS 

as a soVen for the copolymer, in wh«h the mixing weight ratio between the water to propanol is p^eterabTv L/ to ?^ 
Tl ^^'T T " T"^""'" ^ ^"=°^°'-based polymer and in whicE the con^^Zd^^ )^ni (B2) 

. T '^i; *" combination with the above solvent. Examples of such solven^rare a cohols cS 

so ves. ketones, amides, etc. Among them, alcohols such as butanol. cellosolves such as 1-memox^rrXol 

srs:;::;sxcrrur^^^^ — ^^s."^:^ 

stability of the coating solution ,s lowered. If the amount of the solvent is more than 99900 parts by weight the sold 
content in the coating solution is low so that the thickness of the coating layer obtainable is Kd 

Curing Agent: 

Acuring agent optionally may be added. Thecuringagent may be aluminum chelatecompoundssuchasaluminum 
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acetylacetonate. aluminum ethylacetylacetate bisacetylacetate. aluminum bisacetoacetateace ylacelonate. aluminum 
rn butoxidemonoethylacetoacGtate and aluminum di-i-propoxidemonomethlaceloacetate; alkal, meta salts of car- 
boxyl acid such as sodium carboxylale, potassium carboxylate and potassium forniate; amine carboxylates such as 
^mSmlneacetate. ethanolacetate and dimethylanilineformate; tertiary ammonium salts such as benzyltnmethyl- 
aZonium h^roxide letramethylammonium acetate and benzyltrimethylammonium acetate; metal carboxyhc acids 
sITcras tin octanoate; amines such as triethylamine. triethanolamine and pyridine; and 1 ,8-d.azab.cyclol5.4.0]-7-un- 
decene. These curing agents may be used alone or in combination. 

Additives: 

Further, various additives may be optbnally added. For example, a surfactant such as a silicon-based oo^o^nd 
a fluorine-containing surlactant and an organic surfactant may be used to improve the ^^'"^'f.^^^^'^^^l^^^l'^^ 

Epoxy resin, melamine resin, aramide resin colloidal silica and the like v^ich is corrpatible ^J^J^e cc^ting co^^^ 
posltton may be added as a modifier. These additives may improve the various characteristics of the cu red polyrner 
TaTer forTample. heat resistance, weatherability. water resistance, durability, adhesivity. chem^al or solvent resist- 
ance and so on. 

Coating Solution for Component (B): 

Thus, as understood, from the above descriptions, in accordance with the present invention, the coaling solution 
for forming a cured polymer layer (B layer) preferably comprises: 

B1) a silicon compound having epoxy and alkoxysityl groups, a full or partial hydrolysis product thereof, a full or 

partial condensation product thereof or a mixture thereof ; ..^^ . . ^ . « f..ii or 

B2) a silicon compound having amino and alkoxysilyl groups, a full or partial hydrolysis product thereof, a full or 

partial condensation product thereof or a mixture thereof; 

B3) a polyvinyl alcohol-based polymer; 

B4) a carboxylic acid; 

B5) an organic solvent; and 

B6) water. 

Other optional ingredients are described elsewhere in this specification. 
Coating Process of Forming a Laver of Com ponent (B) 

The cured polymer layer (B) is formed on a substrate by the steps of: 

a) preparing a coating composition which comprises the ingredients (81) to (B6) as mentioned above; 

coatina a substrate with the coating composition; and 
c) S the c<Stlng composition by ?ross-linking reaction between the compounds (B1) to (B3) to form a cured 

polymer layer on the substrate. 

More specifically, the process preferably comprises: 

preparing an aqueous solution of the polyvinyl alcohol-based polymer (B3); 

adding acetic acid to said aqueous solution of the copolymer; ^ , 

^rst adding a silicon compound having epoxy and alkoxysibne groups (B1) to said solution and hydrolyz.ng sa,d 

m'l^Ld^^^^^ having amino and alkoxysilane, groups (B2) to said solution and hydrolyzing said 

added silicon compound. 

Transparent Electroconductive i-ayer (C) 

The transparent electroconductive layer (C) used in the present Invention is preferably of a metal oxide from the 
viewpoints of transparency, electroconductivity and mechank:al properties. For example indium ox.de. cadmium ox de 
and I oxide addeS with tin, tellurium, cadminium. mo^bdenum. tangsten. fuluoride or the like as a dopant, 2«.c ox de 
andtitanium oxideaddedwithaluminumasadopant can be mentioned. Amongthemalayerofindium^^ 
tin oxide in an amount of 2 to 15% by weight (ITO) is particularly preferred since it has excellent transparency and 
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electroconduclivily. The transparent electroconductive layer (C) can be formed by evaporation, spattering, ion beam 
sputtering, ion plating, etc. 

The thickness of the transparent electroconductive layer (C) is preferably 15 to 180 nnn. If it is less than 15 nm. 
the layer Is not continuous and the electroconductivity is insufficient. If it is more than 180 nm, the transparency and 
s, flexibility are lowered. 

Arrangement of Components (A) to (D) in Electrode Substrate 

In the liquid crystal display element of the present invention, the electrode substrate comprises the components 
10 (A) to (D) in which the transparent electroconductive layer (C) Is located on the liquid crystal layer side of the transparent 
polymer substrate (D). The transparent electroconductive layer (C) is patterned and a liquid crystal aligning layer is 
formed thereon in use. 

The metal oxide layer (A) and the cured polymer layer (B) are formed contiguous with each other or in contact with 
each other, by which not only an excellent gas barrier property and solvent resistance are obtainable but also the gas 

IS barrier property obtained is unexpectedly improved. The polyvinyl a!cohol4Dased polymer is deteriorated with water 
and so the gas barrier property of the polyvinyl alcohol-based polymer layer is lowered under a highly humid condition. 
By cross-linking the polyvinyl alcohol-based polymer with the specific combination of the silicon compounds, the gas 
barrier property and the solvent resistance of the polyvinyl alcohol-based polymer-containing layer are significantly 
improved in comparison with the ethylene-vinyl alcohol copolymer layer which is used as a gas barrier layer in a com- 

20 mercially available liquid crystal display element using a resin electrode substrate. Further, by combining the cured 
polymer layer (B) of the present invention with a metal oxide layer (A), the gas barrier property can be kept low even 
under a highly humid condition since the metal oxide layer is not deteriorated with water This is the reason why the 
combination of the cured polymer layer (B) with a metal oxide layer (A) is used as the gas barrier layer 

Moreover, by forming the cured polymer layer (B) and a metal oxide layer (A) contiguous with each other, the gas 

2S barrier property obtained Is more than the addition of the gas barrier properties of the two layers and a synergistic 
effect is obtained. 

Figs. 4A and 4B show the oxygen permeation of gas barrier layers in relation to the relative humidity Each gas 
barrier layer tested was formed on a polycarbonate substrate. The gas permeation of the cured polymer layer (B) 
obtained from the polyvinyl aicohol-based polymer cross-linked (B3) with the silicon compounds (B1 , B2) (hereinafter 

30 also referred to as "H layer" or "hybrid layer") is significantly lower in comparison with the ethylene-vinyl alcohol co- 
polymer layer at 50%RH, but it increases as the humidity increases. The gas permeation of the metal oxide layer, here 
a silicon oxide layer, is relatively low and constant irrespective of the humidity but is not sufficiently low and is deteri- 
orated with a solvent such as an alkali. The gas permeation of the lamination of the metal oxide layer with the hybrid 
layer is theoretically expected to be as shown by the broken line in Fig. 4A. However, the actually obtained gas per- 

3S meation of the lamination, which is as shown by the solid line in Fig. 4A, was significantly lower than expected. The 
gas permeation of the lamination of the present invention is far lower than that of the ethylene-vinyl alcohol copolymer 
layer irrespective of the humidity. 

In the present invention, the location and order of the combination of the hybrid layer (B) and the metal oxide layer 

(A) in the electrode substrate are not limited except that the transparent electroconductive layer should be located 
40 outermost with respect to the liquid crystal layer side among the components (A) to (D). 

However, the order of the lamination of the components (C)/(B)/(A)/(D) is a preferable one, since the cured polymer 
layer (B) protects the metal oxide layer (A) and the polymer substrate (D) from the transparent electroconductive layer 
side and from the liquid crystal layer side. The order of the layers (A) and (B) may be reversed. Alternate preferred 
orders may be (C)/(A)/(B)/(D) or (C)/{D)/(A)/(B) or (C)/(D)/(B)/(A). 
45 In practice, the components (B) and (C) may be formed repeatedly on one side and/or both sides of the substrate 

(D) depending on the desired property Some preferred examples of the order of the lamination in such structures are 
(C)/(B)/(A)/(Dy(B). (B)/(A)/(D)/(B)/(C), (C)/(A)/(B)/(D)/(B), (A)/(B)/(Dy(B)/(C). (C)/(B)/(A)/(B)/(D)/(B), (B)/(A)/(By(D)/ 

(B) /(C) 

Of course, any other orders may be adopted. 
so Figs. 10A to 10D and 11 A to 11 F show some examples of the preferred order of the lamination of the components 

(A) to (D). The other orders are not illustrated since they are obvious without illustration. 

Further, one or more additional layers may be optionally added to or inserted in the above lamination so as to 
improve some properties of the lamination or the electrode substrate. Particularly, an anchor layer (a) is preferably 
inserted to improve the adhesion of any of the components (A) to (D) to another layer component. Also, any gas barrier 
ss layer and/or solvent or chennical resistant layer may be used in combination with the components (A) and (B). A pro- 
tecting layer may also be provided to the electrode substrate. 
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Anchor Layer 



The anchor layer (a) may 
resin. 



be o1 a silane coupler, a thermoplastic resin, a radiation-curable resin or a themnosetting 



Silane Coupler: 

The silane coupler is advantageous when used wrth the silicon-containing layer. The silane coupler is ar. organic 
silicon compound represented by the following formula (7): 



where 1 stands for an organic group having one or more of vinyl, methacryloxy, epoxy. amino imino and mercapto, 

ethylenediamine, but it is not limited thereto. 
Thermoplastic resin: 

The thermoplastic resin may be. for example, phenoxy resin, polyester resin, polyurethane resin, polyacrylic resin. 

etc. 

Radiation-Curable Resin: 

1, ,h, re»a « ''»,^»* "^^J 'J/^^^^ .2.hyd»x,.2H.,MhyM -phenyl, 

age. 

Thermo setting Resin: 

no^ e"f rels. 2'phenoxy'esterTesins with a multifunctional isocyanate compound are preferred. 
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The thickness of the thermosetting resin layer is not limited, but if it is less than 3 ^m, the solvent resistance is 
insufficient. The upper limit of the layer is determined by the balance between cost and solvent resistance, with not 
more than 20 \xm, further not more than 10 being preferred. 

The thermo-setting resin layer is formed as below. A coating solution is prepared by adding, to the above thermo- 
setting resin composition, optionally additives such as a reactive diluent, fine particles and a leveling agent and modifiers 
such as a thermoplastic resin and a plasticizer. An organic solvent is optionally added to adjust the concentration and 
viscosity of the coating solution. The coating method may be, for example, dip coating, spray coating, flow coating, roll 
coating, bar coating, spin coating, etc., which is followed by heat treating at 120'»C for not less than 3 minutes, rnore 
preferably at 1 30'*C for not less than 5 minutes to form a heat-cured layer. 

The solvent-resistant protecting layer may be of a radiation«curable layer or a thermo-setting layer which can be 
similar to the radiation-curable layer or thermo-setting layer for the above anchor layer. 

Fine-Particle-Containinq Layer 

Optionally, a layer containing inorganic or organic fine particles may be provided to the laminated substrate. 

A polymer substrate is advantageous to reduce the cost because it can be processed by a roH-to-roll system. 
However, if the surface of the film is too smooth, the film has a poor sliding property because of a large contact area 
with a roll, etc. so that the film Is deformed or curved by the blocking during winding the film, resulting in an increase 
in loss. 

By adding fine particles to a layer of the film, particularly to an outermost layer of the film, the sliding properly of 
the film can be improved by decreasing the contact surface area with a roll or the like and the deformation or cunning 
of the film during winding the film can therefore be prevented. 

This fine-particle-containing layer is preferably fomned on at least one outermost layer of the laminated film. 

This fine-particle-containing layer may be formed by coating a coating solution, in which Inorganic or organic fine 
particles are added, on a substrate and curing the coated layer. 

The coating solution in which inorganic or organic fine particles are added may be the coating solution for forming 
the cured polymer layer (B layer) described above or other coating solutions. 

Preferable inorganic fine particles include silica and alumina since reduction of transparency by them is relatively 
low. The average particle size of the inorganic fine particles is preferably in a range of 0.5 to 5 |am when the layer is cured 

Preferable organic fine particles include particles of acryl resin, stylene resin, urethane resin, polycarbonate resin, 
nylon resin, etc.. The average particle size of the organic fine particles is preferably in a range of 0.5 to 5 iim If it is 
smaller than 0.5 ^m, the sliding property Is insufficient. If it is larger than 5 jim, the optical property is lowered. 

The content of the inorganic or organic fine particles is preferably in an amount of 0.01 to 5 parts by weight, based 
on 100 parts by weight of the fine particles-containing cured layer. If it is less than 0.01 part by weight, the'sliding 
property is insufficient. If it is higher than 5 parts by weight, the optical property such as the haze value is lowered. 

The thickness of the inorganic or organic fine particles^ontalnlng layer is preferably in a range of 0.5 to 30fim If 
it is too thin, the layer may have defects in the form of particles. If it is too thick, it is difficult to obtain an excellent slidina 
property. ^ 

Other Connponents of LCD Element 

Although the transparent electrode substrate comprising the components (A) to (D) of the present invention is 
used for at least one of the electrode substrates of the liquid crystal display element, both electrode substrates may 
be transparent electrode substrates comprising the components (A) to (D) of the present invention. Alternately, the 
other substrate may comprise a substrate which is not the component (B) of the present invention. The other substrate 
may be not transparent and may be made of a non-polymer. 

Other Aspects of the Invention 

According to an aspect of the present invention, as described above, there is also provided a transparent electrode 
substrate comprising the components (A) to (D) as described above. This transparent electrode substrate may be 
useful not only for a liquid crystal display element but also lor other electrical devices using a transparent electrode 
substrate, for example, a touch panel, an electroluminescence device, a planar phosphor, etc. 

I^oreover, the component (B) as described above provides a significant chemical or solvent resistance, gas barrier 
property and adhesivity with excellent transparency, waster resistance, flexibility, and other mechanical properties 
Accordingly, the layer of the component (B) may be used as a coating layer for an article made of not only a resin but 
also other materials such as a metal, ceramics, paper, etc. In this article, the metal oxide layer (A) and the transparent 
electroconductive layer (C) are not essential and are optional. The shape of an article is not limited to a sheet or film 
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T„'°i1p;St^rr«rhroX'.nTS) Of .«a, o.«e .v.r is no. ess.n,., a. ™n,»na. *», 

»o or a gas barrier coating for a drug or food container or «'f^PP'"9 nermeation at 40»C and 90%RH of not more 

^e coated layer of the component (B) above may have an °^ ^^^^^^ .elation to the trans- 

than 10 cm3/m2/day/atrTi. in addition to the chemical resistances (i) to (u.) as mentioneo 
parent electrode substrate. 

15 EXAMPLES 

Thepresent invention isfu.herdescribedwnhre^^^^^^^^^ 

that the cured polymer layer of the component (B) of the P^«^«"^ '"^^^^^^^ ^ /„,ed ,yn,er layer of the<om- 
metal oxida layer Of the component (A) in a trar,^^^^^^^^ 

-rtSSe°:.rpranr~^^^ 

in the Examples, the evaluations were made in the following manners. 



2S 



30 



35 



40 



Appearance of the component (B) layer: 

Naked eye inspection was used to determine the coloring, coating spots, etc. 



Transparency: 



Optical isotropy: 

The retardation tor a wavelength of 590 nm was determined using a muKi wavelength biretrigence measuring 
apparatus M-150, manufactured by Nippon Spectroscopy Corp. 



Surface smoothness: 



45 



so 



55 



400 by the phase shift interference method. 
Chemical or solvent resistance (1 ): 

^ appearance o. a .a.p,. was «.p.o« a«a, In,™,.., « ^ - «^ « 
25«C for 10 minutes, cleaning with a flowing water and drying. 

Chemical or solvent resistance (2): 

™.appe..nc.=.a.».p..«..ln.peo,ed..e,^™»,n,,h..an,^lnana.^ooos5.0%.HC,ao«^ 

rraT— > 

the formation of the layer (C). 



19 



EP 0 798 590 A2 

Chemical or solvent resistance (3): 
Test (1): 



For a laminate with a transparent elect roconductive layer, the laminate was immersed in N-methylpyrorldone (NMP) 
at 25^C for 10 minutes and change of appearance was inspected, change of haze value was measured and change 
of the resistance was measured. If peeling, reduction of surface smoothness, or clouding of the coating layer was seen 
by naked eye inspection, or if a change of haze value was more than 1 %. the evaluation was indicated as "deteriorated 
appearance". 



Test (2): 



For a lamlnete without a transparent electroconductive layer, a few drops of NMP were dropped onto the laminate 
at 80-C on the side of the cured polymer layer (B). which was allowed to stand at 80*^0 for 1 minute and cleaned with 
a flowing water, and the appearance was inspected. 



Test (3): 

For a laminate without a transparent electroconductive layer, a few drops of NMP were dropped onto the laminated 
at 80'»C on the side of the cured polymer layer (B), which as allowed to stand at 80^C for 10 minutes and cleaned with 
a flowing water, and the appearance was inspected. 

Water vapor barrier property: 

The water vapor barrier property and the following gas barrier properties were measured for a cured polymer layer 
without forming a transparent electroconductive layer thereon. 

The water vapor permeation was determined In an atmosphere of 40'»C and go%RH using Pemiatoran Wl A man- 
ufactured by Modern Control Corp. (MOCON Corp). 

Gas barrier property (1): 

u . J^tZ^.^^"^ permeation was determined in an atmosphere of 30«C and 50%RH using OX-TRAN 2/20 manufactured 
by MOCON Corp. 

Gas barrier property (2): 

u . J^tZ^^^"" permeation was determined in an atmosphere of 30«G and 90%RH using OX-TRAN 2/20 manufactured 
by MOCON Corp, 

Adhesfvity: 

The surface of a sample was cut in the form of a matrix with a pitch of 1 mm to form 1 00 small square sections A 
cellophane adhesive tape (Cellotape, manufactured by Nichiban K.K.) was applied onto the cut sample and rapidly 
peeled in a direction at an angle of 90^ to the surface. The number of the small square sections on the sample was 
counted to evaluate the adhesivity The score "100/100" means the complete adhesivity and "0/100" means the com- 
plete peeling, (according to JIS K5400) 

Flexibility: 

The appearance of a sample was inspected after wrapping and unwrapping it around a glass tube with a diameter 
o 10 mm(l). If cracks appear (particularly when a crack larger than 5 mm appears on the surface of a transparent 
electroconductive electrode), the evaluation is not good. 

Durability: 

The appearance of a cured layer was inspected after heating at 60*C and 90%RH for 100 hours in a thermo- 
hygrostat followed by allowing it cool. 
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Sliding property: 

. having a o, BO and a len* o, 60. wound on a n., and ^ d,.onna«on „ o„n,a.u,o *a 

film was inspected. 
F sam ples 1 to 8 

a thickness ol 175 |in> by Ihe die '=f J^^^J^SrLale film was dri«l w«h balanced tensions b.- 

irfbrrcT^'ss^'ssrraJi^rr^^^^ 

•'''tem»sob.a.ad,ransp.,en,po,yca*ona,e,i|.h^a« 

about 1 .7 or 1 .3). *^,^^h nn thP metal oxide layer by preparing coating solutions as 

^T^:;r™x?orcrn"r.:st^^^ 

(B2) lisled in .b. t.".. a» compouijds whioh ^''^''J^^,'* „,^, ,ne coaling solutton which was 

heJlS ana^-C lor 2 mMe. lo term a cured polym.r layar (B layer). 

(Example 1) 

,n this Example, a B layer was formed on the t.nspa.nt P^^V-^^^^^^^ 

The coating solution for the B layer ^°-P"f ^ J^^'f "^^^^^ as the silicon cor.- 

Kraray Corp. Ltd.) as P^'V^'^V' ^ ^^^^^^^^^ as the silicon compound having 

pound having epoxy and ^Ikoxys-lyl groups (B1) and am^^^^^ and the molar ratio [bi)/(b2) where 

athg r^wL tor 30 minutes and adding 3-gl,cidoxyp,opyll,.memoxys,lan.. 
« seen in the Table 1. al the evaluations ol the laminate wore good. 

(Example 2) 

,n this Example, a B teyer was formed on ^^^^^f/P^^^^^^^^^^ the silicon compound 

ThecoatingsolutionfortheBlayerco,t,pnsed^^^^^ JJ^^ ^^^^^^ ,3 

having epoxy and ^^^^^^'^^^ .f^^^^^^^ ratio (bO/(ba) was 3/2. 

Example 1 . wherein the weight ratio < ^3) l(Bi ) + (B^) w«s^^^ ^^^^^^ ^^^^^ ^^,^,,^3 

The coating solution was preparedby adding "^^^^ ° ^.^Yh" fhe solution for effecting hydrolysis, 

the mixture to make it '^f jJ^-P^^^^^,^^^^^^^^^ of 3-g.ycidoxypropy.tr^ethoxysl- 

rr rrh%i" ^^^^^^ -'^^^ " 

^'"'^s seen in the Table 1. all the evaluations of the laminate were good. 
(Example 3) 

in Ibis Examp». a sil.on ox«e layer a. the metal o^de layer ,A ^yer) was deposiled on the p^ycarbcna.e .i« 
'■ r p'riTrTwel^^irsIi'IslntSmple . except ,ha, the composition o„be coating solut^n used had tbe 

-'ZTJI^Z'^J^r^ Z rrr.; r^mSi':^;: good. Pan^u.^ »» oa, barker property was 
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significantly improved by proving the silicon oxide layer (A layer). 
(Example 4) 

th. J" ? f E>^ample a silicon oxide layer as the metal oxide layer (A layer) was deposited on a polycarbonate film and 
then a B layer was formed on the A layer. unme imn anu 

tb,yS^'!7y2 component (B2) and had the weight ratio (B^mB,) + (B^)] of 2/1 and the molar ratio 

As seen in the Table 1 . all the evaluations of the laminate were good. Particularly the gas barrier property was 
significantly improved by providing the silicon oxide layer (A layer). ocrner property was 

(Example 5) 

«nri Ihin t IT""""^' ^ f ""^ ^"""^ '^y®' <^ '^y^^) deposited on the polycarbonate film 
and then a B layer was formed on the A layer p y v^i laiB 

^ .Q^l^^^'iT ""l'^ ^^""^ ^''^"'P'® ^ ^^'^^P' ^'^^^ composition of the coating solution used comprised 
nlwRT^^^f f f ^ component (81 ) and aminopropyltrimethoxysilane as the compo- 

nent (B2) and had the weight ratio (BM(B^ ) + (62)] of 2/1 and the molar ratio (b^ Vib^) of 1 /I 

As seen in the Table 1. all the evaluations of the laminate were good. Particularly the gas barrier property was 
significantly improved by providing the silicon oxide layer (A layer). orrier property was 

(Example 6) 

,h«n '^'rT ^ '^V^^^^ '"^'^l o'^ide layer (A layer) was deposited on a polycarbonate film and 

then a B layer was formed on the A layer 

the coaWnl'Surn preparing the coating solution were the same as in Example 2. except that the composition of 
the coating solution comprised the same components (B1) and (83) as in Example 5 and aminopropyltrielhoxysilane 
as the component (B2) and had the weight ratio (B^WB,) ^ (B,)] of 1/1 and the molar ratio (b,)/(b,) of 1/1 

As seen in Table 2. all the evaluations of the laminate were good. Particularly the gas barrier property was signif- 
icantly improved by proving the silicon oxide layer (A layer), y -sssignii 

(Example 7) 

and Ihil! « R?"""'^' ^ f ^'^'^^ '^y®^ 3S -^^tal oxide layer (A layer) was deposited on the polycarbonate film 
and then a B layer was fomried on the A layer. 

rnmlTJ^T'^'''^^ °' "'^ ^^'"^ ^^'"P'® 2. except that the coating solution 

InT^Z l Tf^Z''^ ^ ^"^P'" ^ ^"^ aminopropyltrielhoxysilane as the compound (B2) 

andhadtheweightratio(B3)/[(B,) + (B2)]of1/1andthemolarratio(bi)/(b2)of1/1 ' 
romL^Ln'^^""'®^ °* preparing the coating solution were the same as in Example 1 . except that the coating solution 
comprised the same compounds (B1) and (B3) as in Example 1 and N-(2-aminoethyl)-3-aminopropyltrime1hoxysilane 

I'^l'Jt^^;^^^^^^^ as the compound (B2) and had the'weTwS(^J^^^^ 

+ (Bg)] of 3/1 and the molar ratio (b^ yib^) of 1/2. '^"3n\o^) 

As seen in the Table 2. all the evaluations of the laminate were good. Particularly the gas barrier property was 
significantly improved by proving the silicon oxide layer (A layer). / a «> o^rner property was 

(Example 8) 

«nH \hT^ ff^P^' 3 Silicon oxide layer as the metal oxide layer (A layer) was deposited on the polycarbonate film 
and then a B layer was formed on the A layer. 

The procedures were the same as in Example 7 except that the polyvinyH^ased alcohol used wasGocenol NM- 
1 1Q manufactured by Nippon Synthetic Chemical Industor Ltd (a saponification degree of more than 99%) 

^^T '".^ T^'"^ ^' ^" °* *® were good although a slight reduction was seen in the 

alkali resistance (solvent resistance 1). » a= oci-m u,e 

Comparative Examples 1 to s 

Similar procedures to those in Examples 1 to 8 were carried out except that the layer(s) coated were as shown in 
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Table 3. 



(Comparative Example 1) 

,„ Oo^,a,.. Example. , o.e=, polyn,., ^ -c^ ^ Po.V"». (B3) «as no> ^- 

"'"^rr-TTri'^'.' Sl'^a,,.., proper an. du«b.«, w„a poo,. 
(Comparative Example 2) 

""it -Sll^^^^^^^^^ P°'Winy' a'ooho. (B3) as us^ in Example 1 and 3-am.nopro- 

^'"tste^^Tab.f3'^^e'a.kali resistance (chem^. resistance 1). NMP resistance (solvent resistance 3) and du- 
rability were poor and the adhesivity was slightly poor. 

(Comparative Example 3) 

^^^tTe^^ar3^^^^^^^ (-.vent resistance 1). NMP resistance (solvent resistance 3). adhesiv«y 

and durability were poor. 
(Comparative Example 4) 

^ ^he sXent resistances 1 to 3 and the oxygen barrier properties were tow. 

(Comparative Example 5) 

The solvent resistances I to 3 and the oxygen barner properties were low 
Fxam ples9to15 
(Example 9) 

The polycarbonate film on which the metal oxide layer (A layer) ot the silicon oxide was deposited. wh.h was the 
same as in Examples 3 to 5, was also used in t*;'^ ^^'"P'^. , ^y preparing a coating solulions as 

Next, a cured polymer layer (B layer) ''^^ °l^l'^l^°Xj;Zs 4 and 5 and the silicon compounds 

mo polyvinyl atcohol-basod polymo. (B3) ■^^f^'°''^'°^^t^^^ ,o cblain . uniform .olulion. To this 
o, n.p«»anol and ,00 pa« b, ^•^'^"''''^^J^^^Z, S^rnin, Silicone Co,p.) as a I««lin9 

■ ::r„2rpai'^;tir."s:'J^"^^^^^^ 
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and alkoxysilyl groups (B2) was then added to this solution and the solution was stirred for 3 hours to obtain a coating 

m wr?a 1°' loT.'"^ ' ""'^"^ ^^^^'^^ ^^^P^^^on of the coating solution was that the weight ratio 

(BaVKBi) + (B2)] was 1/1 and the molar ratio (bi)/(b2) was 1/1 . 

On the SiOi.7 layer (A layer) formed on the polycarbonate film, the coating solution was coated by a Meyer bar 
and the coated layer was heated at 1 20^C for 3 nninutes to form a cured polymer layer (B layer). 
The obtained lamination was evaluated and the results are shown in Table 4. 
As seen in Table 4. all the evaluations were good. 

(Examples 10 to 13) 

The procedures as in Example 9 were repeated but the composition of the coating solution was varied as shown 
in Tabte 4. in which the weight ratio (B:,V[(B,) + (Bg)] was 2/1 in Example 10. 1/2 in Example 11. 1/3 in Example 12 
1 /9 in Example 1 3, and the molar ratio (b^ )/(b2) was 1 /I in Examples 1 0 to 1 3. 

The obtained lamination was evaluated and the results are shown in Table 4, 

As seen in Table 4, all the evaluations were good. 

(Example 14) 

The procedures as In Example 9 were repeated but the compound 81 was changed to 3-glycldoxypropyltrimeth- 
oxysilane. and the weight ratio (B3)/[(B,) + (B^)] was 1/1 and the molar ratio (b^Vib^) was 1/1. 
The obtained lamination was evaluated and the results are shown In Table 4. 
As seen in Table 4, the evaluations were good for all. 

(Example 15) 

On the both surfaces of the polycarbonate film with the silicon oxide layer as in Example 9, the coating composition 
as in Example 9 was coated in the procedures as in Example 9. 

The obtained lamination was evaluated and the results are shown in Table 4 

As seen in Table 4. the evaluations were good for all. The B layer had an excellent adhesivity to both the silicon 
oxide layer and the polycarbonate film and the obtained lamination had excellent chemical resistances on both sides 
thereof. 
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PYam plel6to21 
(Examples 16 to 20) 



10 (Example 21) 

T..p,oco.„,as,s in Exa.p,e9«».,ep.a,«.b.,.= su.sua,e.«d».s Change. „om,hepo^ca,»cn«.* 

IS As seen in Table 4, all the evaluations were good. 
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r.f>m parative Ex amples 6 to 10 

,ncomparativeExamp.es6to8.thaproceduresinExanp.e.wererepeatedbutU,eso.ut^^ 

polymer layer was changed as shown in Table 6. 

5 

(Comparative Example 6) 

TN. „ a oo.pa,3*. .xampl. . «hM, me c«r^^ (Bl) a». (B2, we,, added. T.us weli^ ,a.io 
'"'"Ke eiSi! me NMP ..s««nce (ohe^ica, »»s«nce 3) end me ad^o^Wy we« 

(Comparative Example 7) 

TH. le a co.pa,a,.e example in wh^h m, "^''^ ""^ ~" 

the adhesivity were poor. 
(Comparative Example 8) 

ance (chemical resistance 3) and the adhesivity were poor 

2B 

(Comparative Example 9) 

so iS evLuations as shown in Table 6. the gas barrier properly was poor. 

(Comparative Example 10) 

Evaluations were trade for the polycarbonate film alone used in Example 9. 
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Thickness of B layer 
Appearance of B layer 

Transparency (light permeation Z, AHZ) 
Optical Isotropy (retardation, nm) 
Surface roughaess (Ra) 

Chemical resistance (l) 

Chemical resistance <2) 
Chemical resistance (3): 
Test (1) 

Test (2) 

Test (3) 

Vater vapor barrier property 
(g/tn^atmday) 

Gas harrier property (1) (cc/m^ atm-day ) 

t»as barrier nronertv i7\ -k^- ■ 

L7 icc/m* ' atm« day ) 

Adhesivity 

Flexibility 

Durability 



Example 22 to 24 
(Example 22) 



The polycarbonate film with the silicon oxide layer as in Example 3 was used. 

A first coating solution for forming a cured polymer layer (B layer) was applied on the silicon oxide layer (A layer) 
of the substrats. by the microgravure method, and was heated at ISO'^C for 3 hours to form a cured polymer layer 
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10 



IS 



20 



A second coating solution for form.ng a P "^^^^Jf ^^^^ ^ad been preliminarily dried at SO'C for 1 minute, and 
the B layer of the substrate by the microgravure "J^'T^^, Zlom^ by a high pressure mercury lamp with 

wa?ourld by irradiating with UV rays in ^J^^^ ^^^^^^^^^^^^ Jing solution was prepared by 

160 W/cm to obtain the protecting 'f f^'^^^'"^ ^ ^^.309 ^manufactured by Toa Synthetic Chem cal 

mixing 100 parts by weight o1 trirt^thylolpropane riacry late (Aror^ x m ^^^.^actured by Chtoa-Geigy) as the 

corp.). 7 parts by Weight of 1 -hydroxycyclohexylpheny^^on^ ^^^.^^ Corporation) as 

photoinltiator and 0.02 part by weight of a ^l^^^^^^^^^Z^,^^^^ to a solid content of 35% by we.ght. 

L leveling agent and diluting the mixture with 1 -methoxy 2 P"^P^."°' J substrate was set in a sputtering apparatus 

The th's Obtained roll of the teminate with the PO^^^^^'J^^ fni^Xcontent of 1 .4 vo|o/o) was added and 
Which was evacuated to a pressure of 1 ■^"'^''^ZtT^^Xed at an applied current density of 1 W/cm^ using 
the pressure was adjusted to 9.27 Pa. A DC ^P^f J^^ ^^^^^^^^ layer of the ITO having a thickness 

an ITO target (SnOa content of 5^%) to deposrt ^^J" polycarbonate film. ^ , 

The results are shown in Table 7. 
(Example 23) 

Darts by weight ol a silyl-containing polyvinyl ^,P°^i^ ^^s by weight of n-propanol to form a uniform 

Tess than 1%) (B3) in a mixture of 1300 parts by ^-^^j^^^ ^^^^Jy^^^^^^ oil (SH30PA manufactured by 

solutton. allowing it to cool to room temperature, add^g 0^ part by w g ^ ^^^^ ^^^^ ^ 2^ g 

Toray Dow Coming Silicone Corp.) as ^^^^ ^^^^^^^^^^^^^ tor 3 hours, adding further 171.6 parts by 

by weight of 3-aminopropyltrimethoxy^ an^^^^ J- t °n J 9^^ ^^^^ .^^ ^ 3 ^^^^ ^. 

weight Of 2-(a4-epoxycyc.ahexy W^^^ ^^^^ ^.(b^) was 1/1. 

had the weight ratio (83)^(6,) + (Bg)] was i/^ ana 



position had the weight ratio (B3)/[(Bi) 
The results are shown in Table 7. 

30 (Example 24) 



(Example ii^; lonoc 

to5mlnul«smdlhenl30-Clor5mmul,stoobB,^ap««»«^^^^^ 
solution wasp-eparedbynnlxlna 20 pwsby^^ 

=,z:rc^rc^;-rorrrs^»,&ipp- povi— 

The results are shown in Table 7. 
r■r^m pprative Examp les 11 and 12 
(Comparative Example 11) 

™p^.e.»,n.x..p.P.2»a..pea.o<.«-c.o.po..«..,e,^..™..— ..»H««. 

was not lormed. 
45 The results are shown in Table 7. 

(Comparative Example 12) 



35 



40 



so 



(Comparative txampie 1^^^ 



Corp.). 

The results are shown in Table 7. 

m Tables 7 to 10. the lollowing abbreviations are used 



ss PVA* Polyvinyl alcohol 

rHSrsTprSrpC'y^Jc^^ ^^"^^"^ '""^'"^ 

E: ESylene-vinyl alcohol copolymer (EVAL F104. Kraray) 
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ECHETMOS: 2-(3,4-epoxycylcohexyl)ethyltrlmethoxysilane 

APTMOS: 3-aminopropyltrimethoxysilanG 

H(2): B layer In Ex. 1 

X(200): S\0^ layer in Ex. 3 

TF-PC: Polycarbonate film in Ex. 1 

SX (70): SiO^ layer in Ex. 28 

G: filler included 

Si content: [{B, + B^ViB, +B^ + B3)] x 100 (by weight) 
81 amount: [b^/{b^ + b^)] x 100 (by mole) 
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Example 25 to g? 
(Example 25) 

The polycarbonate film having a 20 nm-thick silicon oxide layer (A layer) was the same as in Example 3 
A first coating solution for forming a cured polymer layer (B layer) was prepared. The coating solution was coated 
on both sides of the above polycarbonate film with the silicon oxide layer (A layer) thereon, by the microgravure method 
and was heated at 130-C for 2 minutes to obtain cured polymer layers having a thickness of 2 nm 

The first coating solution was the same as used for forming a cured polymer layer (B layer) in Example 9 

the r?a"nneVasTn ExIlTp^e 2^ '^^''^ ""^^ °" ^" ''^'^ '^^'^ "^^^^"^ 

The thus obtained laminate was evaluated and the results are shown in Table 8. 

(Example 26) 

siiirJn L'i!!.!'.^ "'^^ Example 25 were repeated, but one ol the cured polymer layers, which was lomied on the 
silicon oxide layer, was prepared by using a second coating solution while the other cured polymer layer which was 
formed directly on the polycarbonate film was. prepared by the first coating solution as in Example 30 
«in J^V^!."" f ^""9^°'""°" prepared by heat dissolving 100 pans by weight of a silyl-containing polyvinyl 
hi T 'S.V ^ "'^"^'^'^'^^^^ ^raray, silyl content of less than 1 %) (B3) in a mixture of ?30oZ!s 

by weight of water and 600 parts by weight of n-propanol to form a uniform solution, allowing it to be cooled to room 
temperature, adding 0.1 part by weight of a silteon oil (SH30PA manufactured by Toray Dow Coming Silicone Corp ) 
as a eveling agent and 1 24.8 parts by weight of acetic acid and then 1 71 .6 parts by weight of 2-(3.4-epoxycyclohexvl 
ethyltnmethoxysilane (B1 ) to the solution, stirring it for 10 hours, adding further 124.8 parts by weight of 3 am^opro- 
pyltnmefhoxysilane (B2) to the solution and then stirring it for 3 hours. The composition had the weight ratio (B^mB,) 
+ (82)] was 1/2 and the molar ratio (bT)/(b2) was 1/1 . v"3/'iv"i; 
The thus obtained laminate was evaluated and the resutts are shown In Table 8. 

(Example 27) 

The procedures as in Example 25 were repeated but the silicon oxide layer was not formed 
The thus obtained laminate was evaluated and the results are shown in Table 8. 

Comparative Example 13 

l^fS'^^f""?^ ^''^"''"^ "^^'^ '^P^^^^^^ ''"^ ^"^^^^ P°^Vmer layers formed were made of a polyvinyl 
alcohol-based polymer (Gocenol NM-1 Q manufactured by Nippon Synthetic Chemical) ^ y y 

The thus obtained laminate was evaluated and the results are shown in Table 8. 
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Pvam plQ 28 to 31 

55 

(Example 28) 
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was 100 ^im. 

The first coating composition used in this Example was the same as In Example 9 

(Example 29) 
(Example 30) 

The polycarbonate film used was the same as in Example 28 

(AlonTM^^SmS^^^^^ 

The thus obtained laminate was evaluated and the results are shown in Table 9. 
(Example 31) 

The thus obtained laminate was evaluated and the results are shown in Table 9. 
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Example 32 to 38 
(Example 32) 



The polycarbonate film used as the substrate was the same as that in Example 1 

«<= ..2.^"°= ^"""^Tl °' P°ly'=«^'^°"3'e filn^. the first coating solution for forming a cured polymer layer (B layer) 
as used tn Example 9 was coated and cured. ^ ' 

The thus obtained laminate was set in an evaporation apparatus and an SIO, layer (x is about 1 7) havino a 
thickness Of 20 nm (A layer) was deposited on one of the cured polymer layers of the subs rate from an evaiZn 

2 anJhor'C"" °' " ^'"^ ' °' ' ' ""''^ ""^^^"^^^^ °' ^'^^ curedToUer1ay3e1 S 

The first coating solution was coated again on the silicon oxide layer and heated at 1 30»C for 2 minutes to form a 

second cured polymer layer (B layer) having a thickness of 2 nm. 

On this second cured polymer layer, an ITO layer was formed in the same manner as in Example 22 

laver^Btevlf^ ^nlhn'T''" """"^"^ P^'^"""' '^^^^ <^ layerypolycarbonate film (D layer)/first cured polymer 

laS layeryao, layer (A layer)/second cured polymer layer (B layeryiTO layer (C layer) was ob- 

The thus obtained laminate was evaluated and the results are shown in Table 10. 

(Example 33) 

th» Procedures as in Example 32 were repeated, but the first cured polymer layer acting as the anchor layer for 
the S.O, layer was changed to an anchor layer of a silane coupler (AP133. manufactured by Nippon Unitika) S,!,q a 
thickness o^ 50 nrr, and the SiO, layer was changed to a metal oxide layer mainly comprised S SiO, by evapoZg 

rayrwTsloltlo'irwerhf'^"^^^^ 

The thus obtained laminate was evaluated and the results are shown in Table 10. 

(Example 34) 

The procedures as in Example 32 were repeated, but the first cured polymer layers on the both sides of the doIv- 
carbonate film were changed to UV-cured layers having a thickness of 4 ^m, Jhich were formed uSg a coating sLTm 
mLlTas in ' ''''"'^'^ (trimethylolpropanetriacrylate'base) tfhe 1^^^^^^ 

The thus obtained laminate was evaluated and the results are shown in Table 10. 
(Example 35) 

to thluvTrXr'Ll'ern^xam^^^ ""^ ^"^^ '"'^'"^^ ^'^^ ""'^^ '-^er was changed 

The thus obtained laminate was evaluated and the results are shown in Table 10. 

(Example 36) 

The procedures as in Example 32 were repeated, but the cured polymer layer as an anchor layer under the metal 

jS^Z^T'f^ '° ' ^^"^ ^"^^ ^"^-"^ -'-^ protectlngTier in t^^mpri 

The thus Obtained laminate was evaluated and the results are shown in Table 10. 

(Example 37) 

th. Hrlt^iT"^"?^ ^r'" ^""^^'^ ""^'^ ^ ""^ particles-containing layer was additionally formed on 

minuS; 1 r ^^'^^'^''^'^ '"^ °PP°^"^ '° »he ITO byer by coating a coating solution and heating it at^O'C for 2 

o°0 4 oa^ fnThf t '''It' "'"^ ^ """^"^^ °' ^ ^ ^^ded in an amoS 

oT 0.4 part and the mixture was sufficiently stirred. 

The thus obtained laminate was evaluated and the resufts are shown in Table 10. 
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(Example 38) 

c^^rr.r.\a ^7 wfife TGDeated but the fine-partlcle-containing layer was prepared from a coating 
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10 



Pvam ples 39 to 41 



lay« a polyvinyl atohortased po^ar 1^™ ,S »Sher B laye. (B' lays.) in cootacl wilh the SiO. layer, 

indicated in Table 11. 
Fvampies 42 to 46 

.„ep»ce*,asas,n..^»w„a,ap.a.,d««c^P»— o»ninTa.la1,»-eu.e....a=.»n,s 

as indicated in Table 11. ■ 

In Table 11 , the following abbreviations are used. 

,s APMDEOS: 3-aminopropyimethyldiethoxysilane 

MAPTMOS; N-methylaminopropyltrimethoxysilane 



20 



25 



30 



35 



40 



45 



50 



55 



43 



EP 0 798 590 A2 



10 



IS 



20 



2B 



30 



35 



40 



45 



so 



55 



o « 

—4 CVJ 



o o 



- o 



O O 



— o 

O o 



-.o 
o o 



c 
o 



A> «n c: 
K O ^ 

«e a. u 



O O 



< < 



r>j to 

^ O 



W M 5 

s i s O 

± £ ii» csi 

S E Ji :: ;r ^ 

o w 5 

w < a 



^ o 

is? 



X 



Cti CVJ m 



o 

o 

fiA %r\ 
» — . <N 
IH O 

> 



o v> O 

S o o 

^ CO CU ID 

g S w o 

o ^- < 
ill 



< > 



00 

O V) 

X a< 

P < 



O w ° 

£ S CU CM 

" s Ji :^ 

X 04 r} ^ 

CJ < < 



3C g cv, f>j fv 
X 0. d g 



> 9 Ul 



0) 0) 

to itf 

O «> « 

•H X O 

U K C 



u 

E 
>s 
mat 

o 

a — 



e 

O w CM 
O PQ PQ 



5 ^ d 



£ i i 



c e 

<7t X JC^ 
O U 

3i 



01 0) 

OP ftO 

e C 

to (d rvj 

o o 
z z 



o bi) 

® g € 

ix 4 
JC ^ 

o u u 
o 

^ o o 



c c 
x wtf 

ON 

• JO 



V XT 

OO 00 

c c 

C 0 



o 00 ao 
o c i3 

• jc jc 

^ o u u 
o 

o o 



0) u 

c c 

O OS (0 

« us JC 

o 

Ok o o 



V 0) 

c c 

(J U m4 

o o 

2 2: 



^ OJ 
O CO QC 

o c c 

• x: -c 
o o o 
o. 

^ o o 

z z 



0} V 
&0 00 

c c 
e fo i< 

ON jC 

u u 
o 

^ CO 
2 2 



60 00 

c c: 

(0 « 00 

o o 

Z 2 



3» «> 
O OC 00 

o c 
o 

" 5 S 



« 0/ 

eo ao 

c: c 

m « 

x: je 

u u 

a o 



V 9 

d e 

D O 



O 4} tid 

o C C 

o 

* - 



O (/I 
X a ^ 
t- * 



H 

u 

I 



s 2 



2 6u ^ 
E ^ «rt 



07 

«fi 

V 

o 



o 



01 a» 

Q 00 00 

• — X x: 
o 

r-» O O 

Z 2 





O 37 












OD OO 








e 




c c 










o 


•0 « 




o 


in 






O ^ X 




1 








u u 


u 




O 


o 


to 










o 


00 


O 0 


o 










Z Z 


z 









eO CO 
c c 



£ 
0 



«o T5 _r* e 



M ^ M G 

a.! -w o 



Or ^ 



fM »-> 





V 


OJ 






00 




00 






C 


c 


C 




m 


«« 








«c 






u 




Nd 








CO 


Q 


o 


C 




% 




Z 



01 CI 
00 00 

«9 A 



o 
o 

-* o 



o 

























Cn) 






























01 




« 








as 




CI 


nc 


nc 










>> 




a 












ft 




u 












ro 


is 


ST 


is 








>> 


•J 




M 


« 








U 


o 


« 


ft) 


V 










«9 




U 


u 








0) 


<^ 












to 


u 
















(Q 






Id 


CB 








Q. 


10 




u 


u 


*^ 






tA 


u 


— 1 


*M 




9» 




CO 


c 




6 


8 


6 


9 




a> 






u 


01 


V 


H 


1- 










X 








«- 






o 











X 



(0 



aj' -4 -I 



fl> g 00*-^ W X « 

X 6 JC a> u 

JO OO M U V -4 3 

^ w o w < (a, Q 



44 



EP 0 798 590 A2 



Claims 



b! a itTi. ,o sad ™«l ox«e ^,e,. sa« cured po.,™r ,a,e, ^ <^ - 

a cross-linking reaction ot: 

B1) a Silicon compound having epoxy and alkoxysilyl groups, afuH or partial hydrolys. product thereof. 

a tin or partial condensation product thereof, or a mbcture thereof; and 
B3) a polyvinyl alcohol-based polymer; 

S I 'poT~-eX'lda« . oo. ™. man 30 n. ,o, a wav.,.ng. o. S90 n.; 

^e,e«sa»™n.pa,«„«».3<oy^^^^ 
pa,en, p<»yme, subsW. (D), and ^^^^^^X^^^^^,^ ,i„U'« POl,.ne, s>,bs,™« (0) o, 

« . T..,Mdo.,»,d-^.,«"-d^r'r'"*"*'^"'""°°"'^"*°°^"" 

' groups is represented by the following formula (1): 
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where 

Ri is alltylene having 1 to 4 carbon atoms. 

R2 and R3 are independently alkyi having 1 to 4 carbon atoms. 

X is glycidoxy or epoxycyclohexyl. and 

n is 0 or 1; and 

^ ^ cc^nd .av,„g a.,nc and a,Kox„,„ roup. Is rep™s«.ed b, ,0,.>»n9 ,o,n,.« W 
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I 4 i « (2) 

HN-R -Si(OR )3-. 



where 



Ff* Is alkylene having 1 to 4 carbon atoms, 
R5 Lnd are Independently alkyl having 1 to 4 carbon atoms, 
Y is hydrogen or aminoalkyl, and 
m is 0 or 1 . 



3 The.louidcrystaldlsp.ye.ementaccordingtoc,aim1or^whereinsaidcuredpo.ymer.ayer(B)isobta^^^^ 
laTd S^pounts (B1 ) to (B3) in amounts satisfying the following formula: 



1/9 £ (B3)/l(Bi) + (B2)] s 9/1 , by weight, and 
1/9<(bi)/(b2)s9/1.bymole. 
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6. 



7. 



where B, to B3 stand for the amounts in weight of said compounds (81) to (83), respectively b, stands for the 
amount of sa.d compound (81) based on the mole of the epoxy group thereof; and b' stands for the ar^oun 2 
said compound (82) based on the total mole of the amino and imide groups thereof. 

f!^rl'!^I"M^''^^'f f ^^'^'"'"'^ '° '^'^'^^ 2 °' 3, wherein said silicon compound represented by the 

So of ^^'^ ^?'' '^"^ represented by the formula (2) is selected rom the groupS^ 

^'''^^^^^■^'''^^'^Py^^^^^^^ S-amnUropylmethyZttoxysZe^ 
ZaZS^S^. V')-3aminopropy,trimethoxvsL:^ and^ 

Int^'^ 'T"^.' ^'f '° °' ^'^'"^^ ' 1° 4, Wherein said polyvinyl alcohol-based 

than 80^ .'tlT f '^"''''''^ °' •^^^'"9 ^ ^^9^-^ of sapci ificatit of r^^tT^^^ 

than 80 /.. ethylene-vinyl alcohol copolymer and polyvinyl alcohol having siiyi groups in Its molecule 

SiO 'lereTsl?? *° '"^ °* ''^""^ ' '° ^- ^-'^e '^ver comprises 



8. 



9. 



J^^!''"'''T'^! "''"'"'^^ Wherein saidat 

compnses the structure of the components (Cy(B)/(Ay(D)/(B) or (By(Ay(D)/(B)/(C) in IhisTrder 

The liquid crystal display element according to any one of claims 1 to 6, wherein said at least one electrodecsub 
strate comprises the structure of the components (Cy(A)/(B)/(D)/(B) or (A)/(B)/(Dy(B)/(C) in this o^" 

comprises the structure of the components (Cy(B)/(Ay(B)/(D)/(B) or (By(Ay(By(D)/(By(C) in this or7er 

IS selected from the group consisting of polycarbonate, polyarylate. polysulfone and polyethersuS 
11. The liquid crystal display element according to any one of claims I to 10. wherein 

l2^oare6 polymer layer B) is obtained from said compounds Bl ) to 83) in amounts satisfying the following 

1/9 s (B3)/[(Bi) + (82)] g 9/1. by weight, and 
1/9s(b,)/(b2)g9/1,bymole, 

^ 1° ^If"" '"""^ amounts in weight of said compounds (Bl) to (83). respectively b, stands for 
the amount of said compound (Bl ) based on the mole of the epoxy group thereof andSsfandLr thlT^o, 
o said compound (82) based on the total mole of the aminoUimrdTgroTps 1^^^^^^^ 
nr^fn <^°"'P°""d represented by the formula (1) is selected from the group corisisting of 3-Qlvcidoxv- 
propyltnmethoxysilaneand2-(3.4-epoxycyclohexyl)ethyltrimethoxysilane- sung ot d glycidoxy 

.0 5" ^m* ' W .toho, .opoiym., having an .»,y,„. con,« o, ,0 

V) said metal oxide layer comprises SiO^ where 1 5 ^ x ^ 2 0- and 

i) a Chang, of to. valu. is nM mora man 1% when NHn81hylp„<,T«on« « pm in oontaci »llh ..id eur.rl 
polymarlay., .M. of aaid .laCKXla a„ba,Bt. at 25-0 for ,0 n,ih,„ Jfoliowd by cl^r^lTl^.TZ 
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ii) no deterioration when 3.5%.NaOH aqueous solution is made contact with said cured polymer layer side of 
said electrode substrate at 25'C for 10 minutes followed by cleaning with water. 

13 A liquid crystal display element comprising two electrode substrates between which a liquid crystal layer is dis- 
Josed a' teast one of said electrode substrates comprising the following components. 

A) a metal oxide layer, 

B) a cured polymer layer contiguous to said metal oxide layer, 

substrate (D). 

said cured polymer layer comprising a polyvinyl alcohol-based polymer cross-linked with a unit represented 
by the following formula (3): 

-0-Si-(C,H.,)- 'a ^- 'B'*-(C,H:,)4i-0- ( 3 ) 

I I 



where 



p is an integer of 0 to 5, 
q is an integer of 0 to 5; 
A stands for 



R R 



.1 I I *2 

-fO-hrCH-CH-CH — 



where and R3 are independently hydrogen, methyl, ethyl or phenyl, and 1 is 0 or 1; 
B stands for 




*3 I I *4 



where r is an integer of 0 to 5, and s is an integer of 0 to 2; and 
*2 and *3 are sites bonded each other. 



where 
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Ri is alkylene having 1 to 4 carbon atoms. 

R2 and R3 are independently alkyi having 1 to 4 carbon atoms, 

X Is glycidoxy or epoxycyclohexyl, and 

n Is 0 or 1 ; and 

a silicon compound having amino and alkoxysilyl groups represented by the following formula (2): 
HN-R*-Si(OR«),., (2) 

where 



R"* is alkylene having 1 to 4 carbon atoms, 
R5 and are Independently alkyI having 1 to 4 carbon atoms. 
Y is hydrogen or aminoalkyi, and 
m is 0 on . 

20 15. A iransparenl electrode substrate comprising the following components: 

A) a metal oxide layer, 

B) a cured polymer layer contiguous to said metal oxide layer, said cured polymer layer being obtained from 
a cross-linking reaction of: 

B1 ) a silicon compound having epoxy and alkoxysilyl groups, a full or partial hydrolysis product thereof 
a full or partial condensation product thereof, or a mixture thereof; 

82) a silicon compound having amino and alkoxysilyl groups, a full or partial hydrolysis product thereof 
a full or partial condensation product thereof, or a mixture thereof; and 
B3) a polyvinyl alcohol-based polymer; and 

C) a transparent electroconductive layer; and 

D) a transparent polymer substrate with a retardation of not more than 30 nm for a wavelength of 590 nm; 

wherein said combination of said metal oxide layer (A) and said cured polymer layer (B) is disposed between 
said transparent electroconductive layer (C) and said transparent polymer substrate (D) or is disposed on a side 
opposite to the transparent electroconductive layer (C) of said transparent polymer substrate (D). 

1 6. The transparent electrode substrate according to claim 1 5. wherein said silicon compound having epoxy and alkox- 
ysilyl groups is represented by the following formula (1 ): » K y 



1 I 



(1) 



where 



R^ is alkylene having 1 to 4 carbon atoms, 

R2 and R3 are independently alkyI having 1 to 4 carbon atoms, 

X is glycidoxy or epoxycyclohexyl, and 

n is 0 or 1 ; and 

said silicon compound having amino and alkoxysilyl groups is represented by the following formula (2): 
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HN-R-Si(OR*),.. 



where 



r4 is alkylene having 1 1o 4 carbon atoms, 
rS and R® are independently alkyi having 1 to 4 carbon atoms. 
10 Y is hydrogen or aminoalkyi, and 

m Is 0 or 1 . 

17 The transparent electrode substrate according to claim 1 5 or 16, wherein said cured polymer layer B) is obtained 
from sakJ compounds (B1 ) to (83) in amounts satisfying the following formula: 

IS 

1/9 g (B3)/[(Bi) + (Bg)] S 9/1 , by weight, and 
1/9 s (bi)/(b2) S 9/1. by mole. 

Where B, to B3 stand for the amounts in weight of said compounds (81 ) to (B3). respectively, b, ^^nds for the 
amount oi said compound (B1 ) based on the mole of the epoxy group thereof; and b^ stands (or the amount of 
said compound (B2) based on the total mole of the amirio and imide groups thereof. 

18 The transparent electrode substrate according to claim 16 or 17. wherein said silicon compound represented by 

■ the formula (1) is selected from the group consisting of 3-glycidoxypropyltrimethoxysilane and 2-(3.4-epoxycy- 
clohexyl)ethylt imethoxysilane. and said silicon compound represented by the formula (2) ,s ^-^^^^J;^^'^^ 
group consisting of 3-aminopropyltrimethoxysilane, 3-aminopropyltriethoxys.lane. ^^''^^^''^^''^^^^'^^^^^^ 
ysilane N-methylaminopropyltrimethoxysilane. N-methylaminopropyltrimethoxys.lane. N-(2-am.noethyl)-3-am.no- 

propyltrimethoxysilane and N-(2-aminoethyl)-3-aminopropylmethyldinnethoxysilane. 

19 Thetransparentelectrodesubstrateaccordingtoanyoneof claims 15to 18. wherein said polyvinyl alcohol^ase^^^ 

■ polymer is selected from the group consisting of polyvinyl alcohol having a degree of sapon. icat.on of not less 
than 80%. ethylene-vinyl alcohol copolymer and polyvinyl alcohol having silyl groups in rts molecule. 

20 The transparent electrode substrate according to any one of claims 15 to 1 9. wherein said polyvinyl alcohol*ased 
' polymer is ethylene-vinyl alcohol copolymer having an ethylene content of 10 to 50 /o by mole. 

21. The transparent electrode substrate according to any one of claims 15 to 20. wherein said metal oxide layer com- 
prises SiOx where 1.5 S x S 2.0. 

The transparent electrode substrate according to any one of claims 15 to 21. wherein said transparent polymer 
substrate is selected from the group consisting of polycarbonate, polyarylate. polysulfone and polyethersulfone. 

The transparent electrode substrate according to any one of claims 15 to 22. which comprises the structure of the 
components (Cy(By(A)/{D)/(B) or (By(A)/(D)/(By(C). 

24 The transparent electrode substrate according to any one of claims 1 5 to 22. which comprises the structure of the 
components (Cy(Ay(By(Dy(B) or (Ay(By(D)/(By(C) in this order. 

25 The transparent electrode substrate according to any one of claims 15 to 22. which comprises the structure of the 
so components (Cy(By(Ay(By(D)/(B) or (By(A)/(By(Dy(By(C) in this order. 

26. The transparent electrode substrate according to any one of claims 1 5 to 25, wherein one of said metal oxide layer 
(A) said cured polymer layer (B) and said transparent electroconductive layer (C) .s disposed on sa,d transparent 
polymer substrate (D). between which an anchor layer (a) selected from the group consisting of a s.lane coupler, 
a thermoplastic resin, a radiation-curable resin and a heat^urable resin is further disposed. 
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27. The transparent electrode substrate according to any one of claims 1 5 to 26, wherein 
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10 



I) said cured polymer layer (B) Is obtained from sa/of connpounds (Bl) to (B3) used In amounts satisfying the 
following: 

1/9 ^ (B3)/[(Bi) + (Bs)] ^ 9/1. by weight, and 
1/9^ (bT)/(b2)^9/1, by mole. 

where B^ to B3 stand for the amounts In weight of said compounds (Bl) to (B3). respectively b^ stands for 
the amount of said compound (Bl ) based on the mole of the epoxy group thereof; and bg stands for the amount 
of said compound (B2) based on the total mole of the amino and imide groups thereof; 
ii) said silicon compound represented by the formula (1) Is selected from the group corisistlng of 3-glycldoxy- 
propyltrimethoxysilane and 2-(3,4-epoxycyc!ohexyl)ethyltrimethoxysilane; 

ill) said silicon compound represented by the formula (2) is selected from the group consisting of 3-aminopro- 
pyltrlmethoxysilane, 3-amlnopropyltriethoxysilane. 3-aminopropylmethyldiethoxysilane, N-methylaminopro- 
pyltrimethoxysilane. N-(2-anninoethyl)-3-aminopropyltrimethoxysilane and N-(2-aminoethyl).3-amlnoproDvld- 
imethoxysllane; 

Iv) said polyvinyl alcohol-based polymer is ethyl-polyvinyl alcohol copolymer having an ethylene content of 10 
to 50% by mole; 

V) said metal oxide layer comprises SiOj^ where 1.5 s x ^ 2.0; and 

vi) said transparent polymer substrate Is selected from the group consisting of polycarbonate, polyarylate 
polysulfone and polyethersulfone. 



20 



28. The transparent electrode substrate according to any one of claims 1 5 to 27, which satisfies the following: 

i) a change of haze value is not more than 1% when N-methylpyrorydone is put in contact with said cured 
2S polymer layer side of said transparent electrode substrate at 25»C for 10 minutes followed by cleanrnq with 

water; and 

11) no deterioration when 3.5%.NaOH aqueous solution Is put in contact with said cured polymer layer side of 
said transparent electrode substrate at 25*^0 for 10 minutes followed by cleaning with water. 

29. A transparent electrode substrate comprising the following components: 

A) a metal oxide layer, 

B) a cured polymer layer contiguous to said metal oxide layer, 

C) a transparent electroconductive layer, and 

D) a transparent polymer substrate with a retardation of not more than 30 nm for a wavelength of 590 nm 
wherein said combination of said metal oxide layer A) and said cured polymer layer (B) is disposed between 
said transparent electroconductive layer (C) and said transparent polymer substrate (D) or is disposed on a 
side opposite to the transparent electroconductive layer (C) of said transparent polymer substrate (D). 

said cured polymer layer comprising a polyvinyl alcohol-based polymer cross-linked with a unit represented 
by the following formula (3): 



30 



3S 



40 



-0-Si-(C,Hjp)- V-V-(C,H„)-Si-0- (3) 

where 

p is an integer of 0 to 5, 
q is an integer of 0 to 5; 
A stands for 
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*1 I I *2 

— fOtrCH-CH-CH — f 

O 
I 

where and R8 are independently hydrogen, methyl, ethyl or phenyl, and 1 is 0 or 1 ; 
B stands lor 

*3 I I *4 
e-NiCHjh-h-M— 

where r is an integer of 0 to 5, and s is an integer of 0 to 2; and 
*2 and *3 are sites bonded each other 

formula (1): 

X-R-Si(OR'),.a 



where 



R1 is alkylene having 1 to 4 carbon atoms, 

R2 and R3 are independently alkyi having 1 to 4 carbon atoms. 

X Is glycidoxy or epoxycyclohexyl, and 

n is 0 or 1 ; and 



licon compound having amino and alkoxysilyl groups represented by the loltowing fonnula (2): 



a silicon 

,5 



Y R 



where 

r4 is alkylene having 1 to 4 carbon atoms, 

R5 and R6 are Independently alkyI having 1 to 4 carbon atoms. 

Y is hydrogen or aminoalkyi, and 

m is 0 or 1 . 

31. An article comprising: 



S : ctedpSmer layer formed on a surface o, said substrate, said cured polymer layer being obtained from 
a cross-linking reaction of: 

B1) a sillco. ««„.ou.d h^ng .poxy ,nd alkoxysilyl groups, a lull 0, paflial hy*ol,sls prod,«=. th«,oC, 
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a full or partial condensation product thereof or a mixture thereof; and 
B3) a polyvinyl alcohol-based polymer 

32. The article according to claim 31 , which further comprises: 

A) a metal oxide layer contiguous to said cured polymer layer. 

33. The article according to claim 31 or 32, wherein said substrate Is made of a resin. 

34. The article according to claim 31 , 32 or 33 wherein said silicon compound having epoxy and alkoxysilyl groups is 
represented by the following formula (1): 

X-R'-Si(0R')3.„ (1) 

where Ri is alkylene having 1 to 4 carbon atoms, 

R2 and are Independently alkyi having l to 4 carbon atoms, 

X is glycidoxy or epoxycyclohexyl, and 

n is 0 or 1 ; and 

said silicon compound having amino and alkoxysilyl groups is represented by the following formula (2): 

HN-R -Si{OR (2) 

where R^ is alkylene having 1 to 4 carbon atoms. 

R5 and R® are independently alkyI having 1 to 4 carbon atoms, 

Y is hydrogen or aminoalkyi, and 

m is 0 or 1 . 

35. The article according to any one of claims 31 to 34. wherein 

fomula^'^^^ Po'ymer layer (B) is obtained from said compounds (81 ) to (83) In amounts satisfying the following 

1/9 ^ (B3)/[(Bi) + (Bg)] ^ 9/1, by weight, and 
1/9 S (b,)/(b2) ^ 9/1 , by mole, 

where 8, to B3 stand for the amounts in weight of said compounds (81) to (83), respectively b. stands for 
the amount of said compound (81 ) based on the mole of the epoxy group thereof; and bg stands for the amount 
of said compound (B2) based on the total mole of the amino and imide groups thereof; 

ii) said silicon compound represented by the formula (1) is selected from the group corisisting of 3-glycidoxy- 
propyltrimethoxysilane and 2-(3,4-epoxycyclohexyl)ethyltrimethoxysilane; 

iii) said silicon compound represented by the formula (2) is selected from the group consisting of 3-aminopro- 
pyltrimethoxysilane, 3-aminopropyltriethoxysilane, 3-amlnopropylmethyldiethoxysilane, N-methylaminopro- 
pyltnmethoxysilane, N.(2-aminoethyl)-3-amrnopropyltrimethoxysilane and N-(2-aminoethyl)-3-aminopropvl- 
methyldimethoxysilane; 

iv) said polyvinyl alcohol-based polymer is ethyl-polyvinyl alcohol copolymer having an ethylene content of 10 
to 50% by mole; and 

V) said article further comprises a metal oxide layer contiguous to said cured polymer layer, said metal oxide 
layer comprising SiO^ where 1.5 ^ x ^ 2.0. 

36. The article according to any one of claims 31 to 35, which satisfies the following: 
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n a change of haze value is no, more than 1% when N-methylpyrorydone is put in contact with said cured 

said article at 25'C for 10 minutes followed by cleaning with water. 
37. A polymer substrate comprising: 

A) a metal oxide layer, 

B) a cured polymer layer obtained from a cross-linking reaction of. 

B1) a silicon compound having epoxy and alkoxysilyl groups, a f ull or partial hydrolysis product thereof . 

a full or partial condensation product thereof, or a mixture thereof; and 
83) a polyvinyl ateohol-based polymer; and 

38. The polymer substrate according to claim 37. which satisfies the following: 

said polymer substrate at 25»C for 10 minutes followed by cleaning with water 

39. A polymer substrate comprising: 

D) a transparent polymer substrate with a retardation of not more than 30 nm for a wavelength of 590 nm; 
A) a metal oxide layer formed on a first side of said transparent polymer substrate. 

B-1 ) a first cured polymer layer contiguous to said metal oxide layer, said cured polymer layer being ob- 
tained from a cross-linking reaction of: 

B1 ) a sllton ccmpound h»,«9 ei»xy and alk<»».llyl groups, a (ull » partial hydraly^ 

a full or partial condensation product thereof, or a mixture thereof; and 
B3) a polyvinyl alcohol-based polymer; and 

B-2) a second cured polymer layer on a second side of said transparent polymer substrate opposite to 
sa2 fir'sTde said cuJeJpotymer layer being obtained from a cross-llnk.ng reaction of. 

BDasiliconcompoundhavingepoxy and alkoxysilyl groups,afullor partial hydrolysisproductthereof, 

i^-rc^ir— 

a full or partial condensation product thereof, or a mixture thereof; and 
B3) a polyvinyl alcohol-based polymer. 

40. A process for producing a coated article, comprising the steps of: 

a) preparing a coating composition which comprises: 
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B1) a silicon compound having epoxy and alkoxysilyl groups, a full or partial hydrolysis product thereof, 
a full or partial condensation product thereof or a mixture thereof; 

B2) a silicon compound having amino and alkoxysilyl groups, a full or partial hydrolysis product thereof, 
a full or partial condensation product thereof or a mixture thereof; 
5 83) a polyvinyl alcohol-based polymer; 

84) a carboxylic acid; 

85) an organic solvent; and 
B6) water; 

b) coating a substrate with said coating composition; and 

c) curing said coating composition by cross-linking reaction between said compound 81 ) to 83) to form a cured 
polymer layer on said substrate. 



IS 



20 



25 



30 



35 



40 



45 



SO 



55 



41 . The process according to claim 40. which further comprises the step of forming a metal oxide layer 

42. The process according to claim 40 or 41 , which further comprises the step of forming a transparent electrocon- 
ductive layer. 

43. A coating composition which comprises: 

81 ) a silicon compound having epoxy and alkoxysilyl groups, a full or partial hydrolysis product thereof, a full 
or partial condensation product thereof or a mixture thereof; 

82) a silicon compound having amino and alkoxysilyl groups, a full or partial hydrolysis product thereof, a full 
or partial condensation product thereof or a mixture thereof; 

83) a polyvinyl alcohol-based polymer; 

84) a carboxylic acid; 

85) an organic solvent; and 

86) water 

44. The coating compositionn according to claim 43. wherein said cured polymer layer (8) is obtained from said com- 
pounds (81 ) to (83) in amounts satisfying the following formula: 

1/9 m (B3)/[(8i) + (82)] ^ 9/1. by weight, and 
1/9 m (bi)/(b2) ^ 9/1, by mole. 

where 8^ to 83 stand for the amounts in weight of said compounds (81) to (83), respectively; b^ stands for the 
amount of said compound (81 ) based on the mole of the epoxy group thereof; and bg stands for the amount of 
said compound (82) based on the total mole of the amino and imide groups thereof. 
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Fig. 5 
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Fig.6A 
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(57) A liquid crystal display element having at least 
one electrode substrate comprising A) a metal oxide lay- 
er B) a cured polymer layer contiguous to said metal 
oxide layer and obtained from cross-linking reaction Of: 
81) a silicon compound having epoxy and alkoxysilyl 
groups, a hydrolysis or condensation product thereof; 



B2) a silicon compound having amino and alkoxysilyl 
groups, a hydrolysis or condensation product thereof; 
and 83) a polyvinyl alcohol-based polymer; C) a trans- 
parent electroconductive layer; and D) a transparent 
polymer substrate. A transparent electrode substrate 
comprising a substrate (D). a metal oxide layer (A) and 
said cured polymer layer (B) is also provided. 
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